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OXFORD MEETING 


September 


‘Tue Meetings of the British Association 
for the Advancement of Science are being 
held in a famous city. For many centuries 
nature and science and the work of man 
were combined, often, it may seem, for- 
tuitously, to shape the pattern of Oxford 
and to endow it with every gift of fortune 
which a city might desire.’ 

These were the opening words of Mr. 
A. H. Smith, the Warden of New College, 
when he addressed Section F (Economics) 
at the Annual Meeting, and they express 
one of the reasons why the Oxford Meeting 
was enjoyed by everyone present. Oxford, 
with its great University and its proud 
civic record, provides an ideal setting for 
an Annual Meeting of the British Associa- 
tion. The hospitality of the City, the 
University and the Colleges, and the 
arrangements made by the Science De- 
partments and Museums in putting their 
magnificent resources at the disposal of 
the Association, contributed greatly to the 
success of the meeting. 

The 116th Annual Meeting, 1954, was 
the sixth to be held in Oxford, the previous 
meetings being in 1832, 1847, 1860, 1894 
and 1926. All these meetings were success- 
ful, and three of them were particularly 
notable. Charles Darwin’s ‘ Origin of the 
Species ’ was published in 1859, and the 
discussions of his theory in the Sections of 
Botany and Zoology made the 1860 
meeting the most famous ever held. This 
was the occasion of the celebrated debates 
between Owen and Huxley, and between 
Huxley and Wilberforce, Bishop of Oxford. 
At the meeting in 1894, Sir Oliver Lodge 
gave the first public demonstration of 
‘ wireless’? ; and Sir William Ramsay an- 
nounced the discovery of a new gas in the 
atmosphere which he named Argon. In 
1926, H.R.H. The Prince of Wales, was 
President and the attendance of 3,722 
members was one of the largest on record, 
until after the Second World War. 

The Meeting was attended by 2,925 
members, of whom 2,414 (82-5 per cent.) 


1-8, 1954 


were visitors, and 511 (17-5 per cent.) 
were drawn from Oxford and its neigh- 
bourhood. Of those present at the Meet- 
ing, 2,256 were members or associate 
members, and 669 were student members. 
The number of local members was lower 
than at recent meetings, but the number 
of members visiting Oxford was unusually 
high. The visitors included many dis- 
tinguished scientists from overseas, among 
them twenty-four invited guests. The Asso- 
ciation was honoured also by the presence 
of representatives of Associations for the 
Advancement of Science in Australia and 
New Zealand, Canada, Ceylon, France, 
India, Pakistan, South Africa, Switzerland, 
and the United States of America. Repre- 
sentativesofthe World Health Organisation, 
the Food and Agricultural Organisation, 
and Unesco were also present. 

On the first morning of the Meeting, the 
President received the Association’s guests 
from overseas, at a reception in Wadham 
College. The formal business of the opening 
day was conducted in the afternoon at 
meetings of the Council and General Com- 
mittee, which were held in the Town Hall. 
At the meeting of the General Committee, 
Sir Robert Robinson, O.M., F.R.S., Wayn- 
flete Professor of Chemistry in the Univer- 
sity of Oxford, was elected President for 
1955, and a proposal that the Association’s 
Meeting in Sheffield in 1956 should be held 
during the period August 29 to September 
5 was accepted. The General Committee, 
on the recommendation of the Council, 
appointed Mr. D. N. Lowe, O.B.E., the 
former Secretary of the Association, an 
Honorary Life Member, in recognition of 
his valuable services, and his devotion to 
the interests of the Association over a period 
of nearly twenty years. It was also decided 
that a presentation should be made to 
Mr. Lowe, and that the subscription list 
should be open to any member of the 
Association who wished to contribute. 

The Inaugural Meeting was held in the 
Sheldonian Theatre. The brilliance of 


263 


e 
il 
> 


Oxford Meeting 


the scene was enhanced by the additional 
lighting installed by the B.B.C., who 
showed part of the proceedings in the tele- 
vision programme for that evening. The 
overflow meeting was held in the Town 
Hall, where the Deputy Mayor, Councillor 
A. B. Brown, introduced Professor A. V. 
Hill, ex-President of the Association, who 
took the Chair. The audience in the 
Town Hall was enabled to view the whole 
of the proceedings on screens installed by 
the B.B.C. The Inaugural Meeting was 
preceded by a Convocation, at which the 
Vice-Chancellor of the University of Ox- 
ford, Sir Maurice Bowra, M.A., D.Litt., 
conferred the Honorary Degree of Doctor 
of Science on Sir Ben Lockspeiser, K.C.B., 
F.R.S., Sir John Lennard-Jones, K.B.E., 
F.R.S., and Sir Harold Spencer Jones, 
F.R.S. The Vice-Chancellor of the 
University and the Mayor of the City of 
Oxford, Alderman W. Gowers, M.A., 
welcomed the members of the Association 
to Oxford, and Dr. E. D. Adrian, O.M., 
P.R.S., delivered his Presidential Address 
on ‘Science and Human Nature,’ (Advance- 
ment of Science, No. 42, p. 121). 

He was thanked by Sir Edward Apple- 
ton, G.B.E., K.C.B., F.R.S., the _ Immedi- 
ate Past President, who said : 

‘It is an agreeable custom of our 
Association, and one which two years ago 
received Royal observance, that to the im- 
mediate Past-President falls the pleasant 
task of proposing a vote of thanks to the 
President for his Address.’ 

‘ You have referred, Mr. President, to the 
great occasion, here in Oxford in 1860, 
when excitement mounted as the battle 
for Darwin’s theory was being fought— 
and how one lady fainted. Somehow or 
other, the temperature of scientific discus- 
sion seems to have fallen in these days— 
which J think is rather a pity! Many of 
you will remember how in Conan Doyle’s 
book The Lost World—a book which I 
always think is worth re-reading during 
British Association week—how, in the last 
chapter, at the scientific meeting at the 
Queen’s Hall, when pandemonium broke 
out because of the escape of a zoological 
exhibit, two ladies in the front row fainted, 
the Chairman fell into the orchestra, and 
there was a general movement from the 
platform to follow him. Those, evidently, 
were the days !’ 


‘We thank you, Mr. President, for your 
wise and thoughtful discourse, addressed 
equally to the inhabitant of the ivory tower 
and of the market place. But, for some of 
us, you have dismissed, in too brief a 
phrase, your own contribution to our 
knowledge of ourselves—to our knowledge 
of the electrical nature of those nervous 
messages which travel through our bodies 
and which tell us, say, where a cup of tea 
actually is and then inform our hands how 
to lift it up to our mouths. You were the 
first to show that these messages, which 
travel along our nerves, vary in their 
nature according to whether the electrical 
impulses succeed each other rapidly or 
slowly. It may be news to you, Mr. Presi- 
dent, that the radio-engineer has copied 
your discovery by using radio signals, 
which consist of pulses or spurts of energy, 
and which convey their messages accord- 
ing to the frequency with which they are 
emitted.’ 

‘ But the analogy is not complete. For 
you have told us how, in the human being, 
these electrical messages depend on our 
conditioned reflexes—on the kind of things 
we’ve done many times before as well as 
on the things we are trying to do now. 
Here, as I say, the radio analogy breaks 
down because no radio circuit I know of 
will transmit a given message the more 
easily because of the messages it sent a 
year ago.’ 

‘However, as you’ve indicated, Mr. 
President, the physiological and _bio- 
chemical investigation of ourselves and 
what we do, reliable though such methods 
are by way of access to repetition, must 
continue to be pursued with patience. 
Yet there are problems of human be- 
haviour which cannot wait and must be 
examined, as you yourself say, with men 
and women as the essential units rather 
than cells or molecules. In that connec- 
tion you are now ready, I gather, to admit 
the social scientist to the comity of the 
sciences—to give the social scientist, shall 
I say, his Union card. What you have 
said, with all the authority of a President 
of the Royal Society as well as of the 
President of our Association, will give 
great encouragement to those modest 
labourers in the field of social study who 
are quite as aware of the pitfalls in their 
investigations as are any of their critics. 
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These people are fully aware, not only of 
the complexity of their material, but also 
of the fact that, in many cases, they can 
never observe or measure anything with- 
out influencing what they are trying to 
observe or measure.’ 

‘Indeed, theirs is admittedly an even 
more difficult field of study than any of 
the natural or physical sciences ; and it 
is on record, on the authority of J. M. 
Keynes, that Max Planck, one of the 
greatest theoretical physicists of all time, 
once thought of becoming an economist, 
but decided that the subject was much too 
difficult for him !’ 

‘We thank you, Mr. President, for the 
thoughts you have put before us and for 
the crisp simplicity of your language. We 
admire your acknowledgment of the 
scientific kinship of all serious students of 
human phenomena. But, above all, we 
appreciate your suggestion that getting to 
know more about ourselves may well be a 
way of improving ourselves.’ 

After the Inaugural Meeting, the Presi- 
dent, accompanied by the Vice-Chancellor 
and by the Mayor of Oxford, visited the 
overflow audience in the Town Hall. 

There were three evening discourses. 
They were given by Professor W. E. Le 
Gros Clark, F.R.S., on ‘ Reason and 
Fallacy in the Study of Fossil Man ’ in the 
Town Hall; a philosophical discourse, 
‘Science and Religion,’ was delivered by 
Professor C. A. Coulson, F.R.S., in the 
Sheldonian Theatre on the Sunday even- 
ing, and a discourse on ‘ Friction’ by 
Dr. F. P. Bowden, F.R.S., in the Town 
Hall. 

The Sections of the Association began 
their sessions on Thursday morning, 
September 2; they received three hun- 
dred communications, excluding im- 
promptu contributions to discussions, on 
topics of current interest and importance. 
The Sections were accommodated in the 
Science Area of the University, where the 
Science Departments made arrangements 
which were wholly admirable. Numerous 
sectional and general excursions were ar- 
ranged which were splendidly organised, 
and the hospitality of the many hosts was 
greatly appreciated by members whovisited 
a variety of places of interest, ranging from 
the Atomic Energy Research Establishment 
at Harwell to tours of the lovely Cotswold 
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country which overlooks Oxford. The 
Section dinners, which were well attended, 
were held on Friday and Monday nights. 
The Reception Room, administrative head- 
quarters, the press bureau, and other offices, 
were situated in Rhodes House, South 
Parks Road, where beautiful gardens and 
lawns—in conjunction with some days of 
warm, sunny weather—added greatly to 
the convenience and pleasure of mem- 
bers. 

There were many social functions during 
the week for the further entertainment of 
members, already so greatly occupied, not 
only with the scientific programme but also 
with the encompassing beauty of Oxford 
itself. The majority of visiting members 
were accommodated for the week in the 
Colleges. 

On Thursday, September 2, at its centre 
in Black Hall, St. Giles, the British Council 
held a small garden party at which over- 
seas visitors were enabled to meet a num- 
ber of scientists in this country. During 
the evening of the same day members were 
entertained at an open evening in the 
Science Area. The Science Department 
staged demonstrations and exhibitions of 
remarkable interest, and a very large num- 
ber of members spent a most interesting 
evening. On Friday, September 3, at 
12 noon, the President and General 
Officers met the Exhibitioners and Selected 
Students at coffee in the Department of 
Crystallography, when the President pre- 
sented cheques to the winners of the 
‘Endeavour’ Essay prizes. This recep- 
tion was of great interest, because it was 
held in the room in which the Wilberforce- 
Huxley controversy had taken place in 
1860. Perhaps the most widely enjoyed 
occasion of all was the garden party given 
by the City and University, and attended 
by more than 2,000 members. It was held 
in the lovely gardens of St. John’s College 
and Trinity College. The skies, at first over- 
shadowed by drifting cloud, soon cleared 
and the ensuing sunshine—conjoined with 
music, Morris dancing, and the serenity of 
the surrounding place—made the afternoon 
perfect for all. That evening members 
were received at a delightful reception in 
the Ashmolean Museum by the Keeper and 
his wife, Dr. and Mrs. Parker, and by the 
Keeper of Antiquities and his wife, Dr. and 
Mrs. Harden. Special dinners were given 
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by the Mayor, the Vice-Chancellor, and 
nearly all the Colleges, which were greatly 
enjoyed by the many members invited as 
their guests. 

The Nuffield Organisation, in addition 
to welcoming members to their factories 
on general and sectional excursions, gave 
a lunch to a smaller group of members, at 
which Lord Nuffield was the host. 

A dance which was held in the Town 
Hall on Saturday night was attended by 
nearly 400 members, and was a great 
success. 

On Tuesday, September 7, the Council 
entertained at dinner—in the lovely hall of 
New College, which was lent for the 
occasion by the Warden—officers of the 
local Executive Committee and distin- 
guished overseas guests. The same night 
members generally were most splendidly 
entertained by the Mayor and Mayoress 
of Abingdon at a civic reception in the 
ancient Guildhall. 

On Sunday, September 5, officers and 
members of the Association with repre- 
sentatives of the City and the University, 
attended an official Service in Christ 
Church Cathedral. The sermon was 
preached by the Rev. Dr. Leonard 
Hodgson, Regius Professor of Divinity in 
the University of Oxford. The lessons 
were read by Dr. E. D. Adrian, President 
of the Association, and by the Rev. Dr. 
John Lowe, Dean of Christ Church. In 
his sermon, Dr. Hodgson said that light 
was thrown on the so-called problem of 
evil by thinking of God as engaged in the 
creation of genuinely free persons. ‘ Every 
increase in our powers of control over the 
forces of nature is potentially an increase 
of our freedom.’ 

At the close of the Meeting, the General 
Committee passed with acclamation the 
following resolution : 

‘At the close of this memorable week at 
Oxford the General Committee resolve to 
place on record their warm appreciation 
of all that has been done in the City, the 
University, and the neighbouring districts 
to secure the success of this year’s Annual 
Meeting of the Association.’ 


The General Committee express sincere 
thanks— 


(1) To the Mayor and Sheriff of Oxford, 
the City Council and their officers 
and staff. 

(2) To the Vice-Chancellor, the Regis- 
trar and his staff, and the Heads 
of Departments and Museums of 
the University of Oxford. 

(3) To the Colleges for their hospitality. 

(4) To the Delegates of the Clarendon 
Press for their gift to the Associa- 
tion of their superbly produced 
volume, A Scientific and Historical 
Survey of the Oxford Region. 

(5) To the Mayor and Mayoress of 
Abingdon. 

(6) To the firms and organisations in 
this great academic and industrial 
area who have entertained mem- 
bers of the Association. 


(7) To the Chief Constable and other 
officers of the police of Oxford for 
their efficiency and courtesy. 

(8) To the Assistant District Commis- 
sioner and the Boy Scouts, who 
contributed in no small measure 
to the smooth running of the 
Meeting. 

(9) To all those citizens of Oxford who 
have contributed to the great 
success of the Meeting. 


Town Hall, Oxford. 
September 8, 1954.’ 


The proceedings of the Meeting were 
well reported during the week in the Press, 
and subsequently by ature, Discovery, 
Engineering, and other periodicals. The 
whole of the Presidential Address was 
broadcast on the Home Service pro- 
gramme and a review of the week’s pro- 
ceedings was broadcast on the final 
evening in the Home Service. In addition 
to the Inaugural Meeting, the Television 
Service of the B.B.C. arranged a series of 
six programmes. The Council of the 
Association greatly appreciated the cordial 
and whole-hearted co-operation of the 
Press and the B.B.C. during the Meeting. 
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PHENOLOGY—THE STUDY OF THE SEASONS 


Address by 


Dr. C. B. WILLIAMS, F.R.S. 
PRESIDENT OF THE ASSEMBLY OF CORRESPONDING SOCIETIES 


Tuts Section of the British Association— 
over which I have the honour to preside— 
is, even more than any other, the meeting 
ground of the amateur and professional 
naturalist ; and it is our special concern 
to discuss how co-operation between them 
can best be achieved. 

The dividing line between the two 
groups is difficult to define. Sometimes 
it is taken to mean the difference between 
the full-time and the spare-time worker— 
sometimes between the specially trained 
and those who can claim the distinction 
of having largely trained themselves. The 
one difference which has the soundest 
etymological basis is, curiously enough, 
the one with which I most disagree—that 
the amateur loves his work, and so by 
implication, the professional does not. In 
this sense I find myself today, after over 
40 years as a professional entomologist, 
as much of an amateur as I was when, at 
the age of 10, I found that my first 
Emperor moth had emerged from its 
chrysalis. It has been argued that the 
professional becomes more concerned with 
the final result of his work, while the 
amateur gets most enjoyment out of the 
process of achievement. This is partly 
true, but I think it is a tragedy if the full- 
time worker loses the joy of doing. 

It is well known to you all that in 
Britain there are many hundreds of 
Scientific and Natural History Societies 
largely manned and inspired by thousands 
of amateurs. Possibly the largest number 
of the members of these societies are in- 
terested in Birds—then come the Botanists 
and the Entomologists, with the Lepi- 
dopterist well to the fore in the latter 
group. There are also many amateur 
naturalists in Germany and France, but 
it is curious that, in spite of the greater 
variety of butterflies in France, a much 


higher proportion of the French ento- 
mologists are interested in beetles. Else- 
where in Europe the number of amateur 
naturalists appears to be small. Across 
the Atlantic in North America there are 
many young naturalists but, owing to 
the high demand for full-time workers, 
especially in my own field of Entomo- 
logy, nearly all the promising young ones 
are rapidly brought into the professional 
world. 

It has been my good fortune to have 
lived and travelled for many years in the 
tropical countries of Africa, and in Central 
and South America, and I have been 
struck by the small interest taken by the 
children in the wealth of interesting 
natural history problems with which they 
are surrounded. 

Quite early, however, I discovered one 
at least of the reasons for this. Soon after 
my first arrival in Trinidad, in the West 
Indies, when I was about 25 years of 
age, I saw in a tree a nest of the ‘ Old 
Witch’ bird—a member of the cuckoo 
family in which it was reported that a 
number of females laid eggs in a single 
nest. It was quite a natural idea to a 
British-born visitor to climb the tree, so 
up I started. When about 10 feet up I 
put my knee into a nest of stinging ants, 
and out poured its occupants. I had to 
make a quick decision whether to go up 
or come down. I went on up as fast as I 
could to escape the ants, and knocked my 
head against a wasps’ nest. This time I 
came down very rapidly, and not without 
minor injuries. 

Some years later when my wife and I 
lived in East Africa with three children 
under seven, the same problem was brought 
home to us. Puff adders and other 
poisonous snakes were only too common 
for our comfort, and it was necessary to 
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put a fear of all snakes into the minds of 
the children. So that, three years later, 
when we had settled in Edinburgh, one of 
the boys came running into the house 
crying ‘Mother, snake! snake!’ and, 
there in the middle of the garden was a 
large earthworm. 

At home here in England Nature is 
benign, but in the tropics it is very often 
malignant. Here you can tell your 
children to play in the fields or woods, 
and expect to see them again. Brazilian 
parents cannot tell their children to go 
and play in the forest. 

To the snakes and the forests, add 
stinging ants, stinging bees and wasps, 
caterpillars with violently irritating hairs, 
mosquitoes and other disease-carrying 
insects, and stinging plants far worse than 
our nettles, and you can understand some 
of the difficulties that face the young 
naturalist abroad. 

Here in England, when you have col- 
lected your specimens, there is the choice 
of a dozen or more books with beautiful 
plates and elementary keys to identify 
plants, birds, butterflies and moths— 
museums with collections and helpful 
attendants—libraries with almost all the 
books in the world at your disposal—and 
societies where once a month you can rub 
shoulders with a dozen kindred spirits and 
exchange new ideas and new specimens. 

In the tropics books are usually few 
and expensive, and these, and your col- 
lections, are constantly injured by mould, 
cockroaches, silver fish and other pests. 

Many of the people of Britain don’t 
realise how comparatively easy their way 
has been made by generations of previous 
students. When I met, in some parts of 
South America, keen naturalists who 
scarcely ever met another kindred soul to 
speak with, I wondered how many of our 
thousands of amateurs—and indeed how 
many of our professional naturalists— 
would have held up their heads under such 
conditions. 


I have chosen ‘ Phenology—the Study 
of the Changing Seasons in Biology ’—as 
the main subject of my address, because 
I believe that the work carried out in 
England in the past 200 years illustrates 
many of the problems of the relation 
between the amateur and the professional 


scientist. It also shows some of the advan- 
tages and drawbacks of their different 
approaches, and the benefits and diffi- 
culties of their co-operation. 

Gilbert White was one of the earliest 
naturalists to pay serious attention to the 
dates at which certain biological events 
occurred in different years, and in his letter 
dated June 23, 1769 he gives a list of 20 
summer immigrant birds with their aver- 
age date of first appearance at Selborne. 
The dates ranged from mid-March for the 
‘Wryneck’ to May 12 for the ‘ Fly- 
catcher.’ Later he published a Naturalist’s 
Diary with pages specially ruled for notes 
on the first appearances of flowers and 
birds. 

But well before this date—in 1736—a 
Mr. Robert Marsham, of the village of 
Hevingham in Norfolk, started recording 
the dates of certain spring events in 
Natural History, including plants, birds, 
frogs, and insects. Among the plants 
were the first flowering of the Snowdrop, 
the leafing and flowering of the Hawthorn, 
and the leafing of the Sycamore, Birch, 
Elm, Oak, Ash, and Horse-chestnut. 
Among the birds were the first appearances 
of the Swallow and Cuckoo, the nesting 
and first young of the Rook, and the first 
song of the Nightingale. Among the 
insects he chose the first appearance of the 
‘yellow butterfly’ (the Brimstone), but 
this was unfortunate as it is a hibernating 
species and may come out during any 
spell of warm weather in the winter, only 
to return to hibernation when the cold 
returns—its appearance is in no way an 
indication of the return of spring. 

Robert Marsham continued his obser- 
vations each year till his death at the age 
of go in 1797, and then his son carried 
on in the same village till 1810. About 
1800 Lord Suffield became interested in 
Marsham’s work and published a sum- 
mary of the observations as an ornamental 
sheet entitled Lord Suffield’s remarks on Mr. 
Marsham’s Indications of Spring. It included 
for each event the earliest, latest and mean 
dates over 65 years, but any remarks by 
Lord Suffield seem conspicuous by their 
absence. From 1811 to 1834 there was 
a gap in the observations, but in 1835 
they were resumed by another member of 
the family, and the series has been un- 
broken since then right up to the present 
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day, when records are being taken by a 
Miss Marsham in the same village. 

We have thus available for study a 
series of records of the dates of spring 
events taken in nearly 200 different years, 
and covering a period of nearly 220 
years ; the existence of the whole series 
being due to the interest of generations 
of amateur naturalists, who have been 
enthused each spring by the returning 
surge of life in the New Year. 

Some of the early results of the work 
were published by the Royal Society in 
1789, but the vast amount of information 
lay buried for years in the notebooks of 
the family. Its rediscovery was partly 
due to a remarkable coincidence. In 
1923 when an old mill at Ramburg, 
Wiltshire, was being repaired, some sheets 
of paper covered with figures were found 
under the floor boards. They were sent 
to the editor of a Fishing Journal, who 
passed them on to the Royal Meteoro- 
logical Society, and here they were found 
to be copies of some of the early Marsham 
records. Contact was made with the 
family, and the whole series was brought 
to light. In 1926 Margery published 
‘The Marsham Phenological Records in 
Norfolk 1736-1925’ in the Journal of the 
Meteorological Society, giving the dates of 
observation for each year and for each 
event, and making them available for all 
to study. 

About the middle of the nineteenth 
century there had been a renewal of 
interest in the subject and eventually a 
‘ Phenological Committee of the Meteoro- 
logical Society’ was formed to organise 
the collection of records from all parts of 
the country. Reports were published 
each year from 1890 to 1948 with details 
of observations on plants, birds, and 
insects and summaries in the form of maps 
and diagrams. The records were taken by 
voluntary observers scattered irregularly 
all over the country, the number reaching 
a maximum of about 600 in 1931. Em- 
phasis was definitely on the first leafing 
and flowering of plants and the arrival 
of spring migrant birds, and only a 
few summer and autumn events were 
included. 

In North America a more practical 
approach was made in the early part of 
this century by Hopkins, an entomologist 
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who was more interested in the changes 
of dates as one moved in different direc- 
tions across the country in the same year, 
than in differences from year to year. He 
was specially concerned with agricultural 
problems, such as the dates for the seeding 
and harvesting of various crops ; and one 
of his problems was the best time to plant 
wheat in the autumn to escape damage 
on the one hand from insects and on the 
other from early frosts. 

Chiefly from experience in the Mississippi 
Valley (where there are few mountain 
ranges to complicate climatic effects) 
Hopkins drew conclusions, which can be 
summarised as follows :— 

If a natural event, such as the flowering 
of a plant or the appearance of an insect, 
happens in one locality on a particular 
date, then as you move away from this 
locality the date will change 


(1) by 4 days later for each degree of 
latitude to the north (earlier to the 
south), 

(2) by 4 days later for every 5 degrees 
longitude to the east (earlier for 
west), 

(3) by 4 days later for every 400 feet 
uphill. 


These so-called ‘ Bioclimatic Laws’ are 
approximately true for spring events in 
the area under consideration, but in other 
countries, especially those with mountain 
ranges or close to the sea, the changes are 
more irregular, and in the case of autumn 
events they may be reversed. 

The two different approaches in England 
and in the United States represent clearly 
the difference in outlook of the amateur 
naturalist and the professional scientist. 
The amateurs were largely satisfied by the 
joy of observing the return of life in the 
spring and did not concern themselves 
with any scientific or practical use that 
could be made of their records. The 
professional sought for general principles 
and practical applications to enable an 
important crop to escape insect damage. 

Our duty in this Section is to see how 
the amateur can be encouraged to carry 
on with his valuable field work without 
losing his sense of joy—and how at the 
same time his observations may be planned 
so as to be the best possible foundations for 
progress in scientific understanding. 
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Let me turn for a moment to the 
approach to phenology of a research 
scientist, and try to make it-clear to the 
amateur. 

Each year, in every country and climate, 
there is a sequence of biological events 
following one another in close succession— 
spring, summer, autumn and winter in 
temperate climates—and wet and dry 
seasons in many parts of the tropics. On 
an average there is a definite order, but 
the order varies from locality to locality 
and from year to year. As a basis for any 
study of the subject we need first as clear 
and accurate as possible a picture of the 
situation for many events, many localities 
and many years. It is never possible to 
get all the facts, so we have to be content 
with a selection, but even for this we may 
need thousands of single observations. 
When we have sufficient facts we try to 
see if it is possible to account for both 
average dates, and variations from the 
average, in terms of the relation of the 
living plant or animal to its environment, 
and particularly the relation to changes 
in climate and weather. 

To obtain a sufficient number of 
observations in a study like this profes- 
sionals are largely dependent on the good 
will and enthusiasm of the amateurs. But 
to draw conclusions from incomplete 
information it is necessary to be critical— 
perhaps even over critical—of the data, 
and this is sometimes difficult for the 
amateur to understand. The investigator 
wants to know how reliable a sample of 
the true facts he has collected, and to 
what extent the data is affected by acci- 
dental sources of error. 

I have already mentioned that the 
amateur phenologists have concentrated 
largely on spring. events; but, for the 
research student, the events should be 
evenly distributed throughout the year. 
The interpretation of spring events is only 
part of the work. All the Marsham 
observations and most of the others have 
been records of the first appearance of 
some event. But often the last appearance 
might be just as important. It is however 
easy to know and record the first time in 
the year that one sees a swallow ; but the 
last time can only be known by recording 
every day that it is seen—a very much more 
laborious and time-taking occupation. 


If we tabulate, over a series of years, a 
large number of amateurs’ records—such 
as for example those published in the 
annual reports of the Phenological Com- 
mittee—we find that the first Cuckoo, the 
first Small White Butterfly, the first 
flowering of the Dog Rose and the first 
leafing of the Hazel have all occurred 
more frequently on Sunday than on any 
other day of the week. This, as a 
biological truth, is ‘absurd’ as Euclid 
would have said. The explanation is that 
amateurs are not masters of their own 
time, and more of them are free to go out 
and observe at the week-ends than on any 
other day of the week. No one is to 
‘blame’ for this. It is one of the draw- 
backs of research which has not a first call 
on the time of the observer. But the 
source of error must be recognised and, 
when possible, corrections made to reduce 
its effect upon any interpretation. 

When studying the records, it must be 
remembered that a ‘first appearance’ 
can never be observed before it has 
happened, but can be missed for a shorter 
or longer period after it has happened. 
So that every record is subject to an error 
of lateness, but never of earliness. If two 
or more observations are made of the same 
event by different observers in the same 
locality, the earliest date is the most 
correct. 

Some events are more difficult to 
observe—or perhaps it is better stated as 
easier to miss—than others. When looking 
for first flowers one may know in advance 
the exact spot in which to look for a 
particular species: for the first insect 
there is usually no special locality. Ona 
sunny day flowers and insects may both 
be visible ; but if the day is cloudy the 
insects hide away and only the flowers 
will be seen. Ifa cuckoo and a swallow 
arrive together in a village in the spring, 
the cuckoo is likely to be heard before the 
swallow is seen. The Marsham records 
show that the swallow was recorded on an 
average about five days before the cuckoo : 
the real difference in dates of arrival is 
therefore likely to have been greater than 
this, rather than less. 

When one notes the first appearance of 
an insect in successive years it is a different 
individual that is observed each year: in 
watching for the first leafing or flowering 
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of trees it is often customary to go to the 
same tree each year. But individual trees 
can vary in their earliness and lateness, 
just as one can have early and late roses in 
the garden. If an observer in one locality 
happens to watch an early variety and in 
another place the observer watches a late 
variety, there may be great differences 
between the dates which cannot be 
accounted for by any difference in the 
environment. 

It is thus the first business of the research 
worker to study the variations among the 
observations available for study, and to 
sort these out according to whether they 
are real or incidental—biological or due to 
failures in method. 

Real biological differences are due to :— 


| (1) Difference between the event studied 
—as for example the differences 
between the responses of the Oak 
and the Ash. 

(2) Differences due to the latitude and 
longitude of the locality, as for 
example between the north and 
south of the British Isles, partly at 
least due to climate. 

(3) Differences between years in the 
same locality for the same event— 
early and late years for example— 
largely due to differences in weather, 
which must later be analysed. 

(4) Differences between the responses 
of different varieties of the same 
species. 

(5) Differences in the local environ- 
ments, such as the geology, the slope 
of the land, north and south 
exposures, protection from wind, 
type of soil, liability to frosts and 
proximity of the sea. 


Among the incidental or accidental 
differences are :— 


(1) Mistakes in identification ; never 
completely avoidable, but likely to 
upset conclusions very seriously. 

(2) Differences in continuity of obser- 
vations. An observer who can only 
go out into the field once a week 
will give, on the average, a later 
date than the one who is free to 
observe each day. 

(3) Differences in ease of observation 
of events, as between plants and 
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animals, and the swallow and the 
cuckoo discussed above. 

(4) Differences in acuity of vision and 
hearing, and in the experience of 
observers. 

(5) Differences in the abundance of the 
plant or animal, as when abundant 
early individuals are more likely to 
be seen. 

(6) Errors of memory, when observa- 
tions are not recorded at once but 
left to a later date—‘ tomorrow,’ 
which so often means never. 


It is only by reducing these accidental 
differences to a minimum that the real 
differences can be seen in their true per- 
spective. So the research scientist asks 
the amateur observer to be sure of his 
identification, to take observations as 
frequently as possible at regular intervals, 
and to write down all notes in the field. 

In addition the scientist wants observa- 
tions on different events throughout the 
calendar year, and from observers spread 
over larger areas. The former of these is 
merely an additional request to the already 
over-burdened volunteers : but the distri- 
bution of volunteers is always uncertain 
and there are always areas with many 
observers and others with none at all. It 
was one of the duties of the Phenological 
Committee to try to obtain volunteers in 
all parts of the country, and in this they 
were fairly successful. Unfortunately 
their good work came to an end in 1948, 
not due to iack of volunteers, but due to 
a lack of interest in the work by other 
scientific societies, and particularly an 
unwillingness to share the cost of publica- 
tion of the results, which had been borne 
by the Meteorological Society for over 50 
years. 

There was also a lack of interest in the 
scientific world, partly owing to the diffi- 
culty of obtaining any general principles 
from data subject to so many sources of 
error. 

Let me turn now for a few minutes to 
the practical application of the study of 
phenology—how it can be used for the 
benefit of mankind. I have already 
mentioned the use in determining the 
dates for the sowing and harvesting of 
crops in the United States. On the 
continent of Europe, in Holland, the 
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Department of Agriculture has a special 
phenological service. One of its duties is 
to determine each year the spread of aphis 
on potatoes and from this to decide the 
date in different provinces where potatoes 
are to be lifted so as to avoid the spread of 
virus disease. Telegrams are sent from 
headquarters to each district as soon as 
the date has been decided upon. In fact 
agriculture and horticulture are both 
largely based on phenological knowledge, 
which is either instinctive (which we call 
skill) or formalised (which we call scientific 
knowledge). The skilled gardener chooses 
his plants so as to ensure a continuous 
series of blossom. ‘The fruit grower wants 
to know the best date to spray his trees, 
and this in the spring is usually related to 
some development stage of the buds or 
flowers. In parts of West Africa there are 
extensive migrations of butterflies at the 
beginning of the rainy season, and the 
African farmer uses these as indicating 
the correct time to plant his corn. 

Beekeepers need to know the flowering 
dates of different plants so that their hives 
can have a continuous supply of pollen 
and nectar during the year. Even in the 
medical world it is important to know the 
dates of flowering of certain plants and 
grasses, as hay-fever is often due to a 
hyper-sensitiveness to some pollen in the 
air, and the sufferer can be advised where 
and when to take his holiday so as to 
escape his particular variety of trouble. 

In Holland there was published some 
years ago a journal Acta Phenologica 
devoted entirely to research on phenology, 
but on the death of the enthusiastic 
editor, after three years of publication, 
no one was available to carry on the good 
work. 

I might at this point pay a tribute to 
some of the amateurs who have eventually 
become full-time workers in field biology 
—often on reaching the retiring age in 
their own profession. The work of many 
of these has been invaluable, particularly 
in co-ordinating the work of other ama- 
teurs, with whom they are perhaps in 
closer sympathy than the (occasionally) 
hard-hearted professionals can hope to be. 
All the reports of the Phenological Com- 


mittee of the Meteorological Society were 
planned, critically studied and prepared 
for publication by amateurs. The late 
Major Gunton, with whom I had the 
pleasure of close co-operation during the 
10 years that he edited the report, was an 
electrical engineer by profession, and in 
his retirement he spent almost the whole 
of his time collecting observations on 
phenology or analysing those sent in by 
other members. 

In another field in which I have been 
personally interested Captain Dannreuther, 
retired from the Navy, has been for over 
20 years responsible for collecting and 
studying thousands of records of immi- 
grant insects sent to him by hundreds of 
observers. Without him and his band of 
amateurs much of our progress in recent 
years in the study of Insect Migration 
would have been impossible. One wonders 
if the supply of such unselfish enthusiasts 
will continue to keep pace with the great 
need that we have for them as liaison 
officers. Particularly as with modern 
changes in the social structure retirement 
is now so seldom a period of either leisure 
or freedom from financial strain. 

In the field of phenology we must do 
what we can to bring the amateur and the 
full-time research worker nearer together. 
The former is rightly primarily interested 
in the pleasure that he gets from obtaining 
his information, and by force of circum- 
stances he has to fit his field work into a 
busy life with other priority claims on his 
time. The professional needs more fre- 
quent and more regular observations 
evenly distributed throughout the country 
and throughout the year. 

Perhaps this outline of the problem may 
show the amateur some of the difficulties 
of research workers and at the same time 
may put, not unfairly, his own outlook. 
So that the professional will realise when 
he is asking too much, and the amateur may 
appreciate the Oliver Twist like appetite 
of the research student. The more infor- 
mation he has the more reliable he hopes 
his conclusions will be. 

If the two camps can work in mutual 
trust and mutual respect there is no end 
to what they can do together. 
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TERMINAL OXIDASES OF CEREAL 
SEEDLINGS 


by 


Dr. W. O. JAMES, F.R.S. 


OxIDATION is a fundamental and universal 
attribute of all living things. Plants on 
their own behalf, and on behalf of their 
dependants the animals, fix energy by the 
oxidation of water or an analogue, and all 
organisms utilise this energy by re-oxida- 
tion of the hydrogen so acquired. 

At the present time the all but universal 
oxidant is the oxygen of the atmosphere. 
It may not always have been thus ; there 
is a possibility that respiration has existed 
longer on earth than free oxygen. But 
the conveniences of oxygen as an electron 
acceptor from biological systems are so 
outstanding that there is little wonder 
that it has established a monopoly. There 
is neither too little of it nor too much ; 
there is enough, that is to say, to reach 
almost every required site in reasonable 
amounts ; but not so much as to induce 
the organism to live beyond its means. 
Most important of all, oxygen is sluggish 
in its acceptance of electrons. Oxida- 
tion will proceed in an atmosphere con- 
taining 20 per cent. of sulphuric acid 
vapour ; but not the sort of oxidation 
required. By its gentlemanly reluctance 
to snatch, oxygen leaves the choice of 
extent and means of oxidation to the 
organism. ‘That is to say, oxidation of 
its materials may be selective and con- 
trolled, instead of a universal and useless 
holocaust. 

A few sites remain upon the surface of 
the earth to which free oxygen does not 
penetrate ; as botanists we tend to think 
particularly of swamps. The cereals in- 
clude in rice one of the world’s outstanding 
swamp plants, which enjoys the reputa- 
tion of being able to germinate its grain 
anaerobically. In this it stands in sharp 
contrast to other members of the group 


1 Paper delivered to Section K (Botany) at 
Oxford on Friday, September 3, 1954. 


which insist on adequate aeration. The 
Gramineae would appear to be perfectly 
normal members of plant society with 
perhaps a black sheep in the family. 

The autoxidisable substances, those that 
can react spontaneously with molecular 
oxygen under mild conditions, are few and 
those possessed by plants could probably 
be counted on the fingers. They are also 
present in only small, even catalytic 
amounts. They are. the oxidases and, 
among them, the one we have come to 
know as cytochrome oxidase, because it 
accepts the electrons which it passes to 
oxygen only from cytochromes, is out- 
standing. There are people prepared to 
say that this cytochrome oxidase is the 
only gate through which electrons can 
pass from the living cell to atmospheric 
oxygen. According to them it is the one 
and only terminal oxidase of plant, or any 
other, respiration—a generalisation in the 
widest terms. 

Plants contain other oxidases, several of 
them well known and widely distributed. 
Are we to suppose that they play no part 
in respiration? At least the question 
needs looking into. There are connois- 
seurs of oxidases just as there are con- 
noisseurs of wines, and they would regard 
the behaviour of these substances as 
worthy of close scrutiny. Even to non- 
specialists, the average rough feeders on 
biology, I would suggest that the status of 
so wide a generalisation could be of in- 
terest. Are all cells, from an alga to our 
own, dependent on this single substance 
for the central act of their existence ? Are 
there no possibilities of variation or 
adjustment in the technique ? 

Some years ago we began a series of 
experiments on the respiration of barley 
seedlings. We found that they contained 
an extremely active ascorbic oxidase that 
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Terminal Oxidases of Cereal Seedlings 


could be got out and coupled up with 
appropriate systems to oxidise such bio- 
logically important materials as lactic acid, 
phosphoglyceraldehyde and coenzyme I. 
We ventured to suggest that this might 
have some respiratory significance because 
up to that time no other oxidase had been 
got from these seedlings. A few years 
later Waygood extracted a similar, but 
apparently not identical ascorbic system 
from wheat seedlings. But there was this 
important difference, that whereas barley 
seedlings were not known to contain 
cytochrome oxidase, wheat seedlings were 
believed to. 

Let us, at this point, tabulate some 
principal differences between cytochrome 
and ascorbic oxidases. 


oxygen consumption is largely—say 70 or 
80 per cent.—catalysed by cytochrome 
oxidase. This can be accepted for wheat, 
rice and barley ; and probably for oats 
and maize also. 

The reasons for this rather confident 
statement are as follows : 

(1) Cytochrome oxidase has been ex- 
traced, but not purified, from wheat, 
barley, rice, oats and maize embryos and 
has been made to oxidase suitable sub- 
strates, such as p-phenylenediamine and 
hydroquinone through added cytochrome 
c 


(2) The characteristic absorption bands 
of the reduced cytochromes a, b and c 
have been seen in wheat, barley and maize 
under sufficiently anaerobic conditions 


Cytochrome oxidase 


Ascorbic oxidase 


Prosthetic group == Fe** 


Cytochromes 
Very high 


Electron donor 
Oxygen affinity 


in iron porphyrin 


Sat. below 10-8M O, 


Cut = 

on protein 
Ascorbic acid 
High 


Site . Mitochondrial membrane Cytoplasmic (surface ?) 
Solubility Insoluble Soluble 
Inhibitors, approx. 
0-00IM HCN . 100 % inhibition 100 % inhibition 
0-0005M dieca . %  » 9% 
95% CO. 70-80 %, light reversible 0 


Both these oxidases are capable of re- 
acting efficiently with low concentrations 
of oxygen and both, through their appro- 
priate carriers, are capable of oxidising 
Col and Coll, and hence a large variety 
of intermediary metabolites. From these 
standpoints it would make little difference 
to a plant which of the two it employed. 
It would, however, make a good deal of 
difference to the nutritional requirements, 
e.g. a need for traces of copper in lieu of 
iron ; and it would involve a different 
organisation of respiration within cells, 
e.g., localised or not localised. 

Let us start at the beginning, with the 
embryos. It is possible to dissect these 
without damage from cereal grains that 
are dormant or just beginning to sprout. 
There is agreement on all hands that their 


and have been quenched by aeration, 
thus showing their electron transporting 
behaviour. 

(3) Therespiration (O,-consumption) of 
wheat, barley and rice embryos has been 
shown to be inhibited by 0-001M cyanide 
about 70-80 per cent., and the inhibition 
by 0-001M azide is about the same. 

(4) Inhibition by 95 per cent. CO 
(+5 per cent. O,) is high and almost 
wholly reversed by light. 

(5) Inhibition by dieca is low = about 
20 per cent. 

Ascorbic oxidase is also present, at least 
in barley embryos, and after extraction 
utilises oxygen at a rapid rate that would 
probably cover the whole of the embryonic 
respiration. But, if ascorbic acid were 
the terminal oxidase, there would be no 
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reason why the respiration should be 
inhibited light-reversibly by carbon mon- 
oxide ; it should instead be heavily in- 
hibited by dieca. We must therefore face 
the conclusion that a potential terminal 
oxidase may be present in a tissue and yet 
not exercise that function. In the em- 
bryos of all these five species the evidence 
points strongly to cytochrome oxidase ; 
not merely because of its presence but on 
account of the ‘visible’ redox behaviour 
of the cytochromes and the evidence of the 
selective inhibitors, both positive and 
negative. 

A number of authors have found reason 
to believe that the cytochrome system con- 
tinues its function as terminal oxidase 
during the germination and early growth 
of wheat seedlings. Using methods similar 
to those just indicated for the embryos we 
found difficulties with barley seedlings and 
a careful comparison of the two species 
seemed called for. For a variety of 
technical reasons it is easiest to examine 
the behaviour of roots and we concen- 
trated on the apical cm. for a start. The 
grain germinated at 20° C. after an initial 
soaking produces roots | cm. long in about 
3 days and this does not differ much for 
the two species, wheat and barley. Rice 
needed about 25° C. The wheat and 
barley tips continue to respire at about 
the same rate for 10 days and then show 
a marked decline if kept on water alone ; 
rice begins a decline almost at once ; but 
the cyanide resistant fraction remains 
almost constant. Taking the points in 
the same order as with the embryos, 
results are as follows : 

(1) Extraction of cytochrome oxidase. 
Using the same standard methods of 
extraction that were applied to the em- 
bryos, Miss Ward was able to extract an 
active oxidase from wheat root tips over 
their active period. To get a high activity 
it was necessary to keep the material cool 
(about 2° C.) during all the extraction. 
If the temperature was allowed to rise 
to 15-20° C. great loss of activity followed. 
The same and other methods applied to 
6-7 day barley tips extracted no cyto- 
chrome oxidase activity whatever. 

Rice was similarly examined by Miss 
Greenhow, who was able to get active 
extracts from embryos and young root 


tips. 
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(2) The cytochrome absorption lines 
have been repeatedly observed in wheat 
roots so we concentrated our own atten- 
tion on barley. The spectrum visible in 
crushed embryos in dithionite solution has 
three lines at the following positions : 


aa by Cy 
6000-6050 5600 5480 A 


As the roots are more translucent than 
the embryos it was possible to increase the 
depth of the layer examined from 4 to 
7mm. In 3- or 4-day-old tips the three 
a-bands could be detected but at 4 days 
this was becoming doubtful. On the fifth 
day the a, band which was always the 
faintest could no longer be found and after 
6 days or longer none could be found. It 
is not, of course, possible to say that no 
cytochrome was present ; but the amount 
must have been very much less than in the 
embryo or 3 days tips. 

By contrast, ascorbic oxidase is ex- 
tractable all through the period. 

(3) Inhibition of O,-uptake by cyanide 
and azide remains high in wheat and 
barley and begins to decline in rice as the 
rate falls off. If the period for barley is 
extended a similar fall in rate and HCN- 
inhibition takes place and we must regard 
rice as passing through these stages faster 
than the other two species. 

(4) Carbon monoxide inhibition stays 
high in wheat and fairly high in rice until 
the rate begins to fall. The inhibition is 
almost wholly reversible by light. In 
barley tips the inhibition falls off rapidly 
to about 10 per cent. at 4 days and is 
undetectable at 6 or 7 days. 

(5) Dieca inhibition behaves conversely. 
In wheat and rice it stays low at almost the 
same value obtained for embryos. But in 
barley tips it begins to rise reaching 40 
per cent. (almost double) by 4 days and 
70 per cent. (the same as HCN and azide) 
in 7 days. 

This converse behaviour is the important 
thing because it means that no part of our 
argument depends solely on negative data. 
The results, we submit, are readily ex- 
plained on the hypothesis that the actively 
growing root tips of wheat and rice (at 
least in these young stages) continue to 
work their respiration through cytochrome 
oxidase like their embryos. The evidence 
for barley cannot be reconciled with this 
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Terminal Oxidases of Cereal Seedlings 


simple statement. All evidence of the 
cytochrome system’s presence in the grow- 
ing tips or participation in their respiration 
disappears during the first week. The 
rate of respiration per tip does not how- 
ever decline but is maintained by a trans- 
fer of electrons through a copper system, 
probably ascorbic oxidase. This change 
is not caused by the experimental germina- 
tion on water. Similar results have been 
obtained with barley roots growing in pots 


of soil. It is not, however, a permanent 
arrangement ; there are indications of 
further changes though we do not yet 
know exactly what they are. The striking 
fact emerges that the meristematic cells of 
this species improvise, as it were, a tem- 
porary shunt in one of the most funda- 
mental of all biological reactions with 
materials apparently normally there but 
adjusted to other functions or perhaps 
merely lying dormant. 
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THE MAPPING OF STRIP LYNCHETS’ 
by 
Pror. A. AUSTIN MILLER 


LyNCHETs are terrace-like features, com- 
monest on steep chalk hill slopes in the 
south of England, but by no means con- 


fined to this type of terrain, often occurring , 


in ‘ flights’ of five or more, when they 
are sometimes popularly called ‘ shep- 
herds’ steps.’ The name, a dialect word 
in the first place, has many variants— 
linches, landshards, etc.; in the Isle of Port- 
land cultivated terraces of a similar form 
on the Portlandean (upper Jurassic) lime- 
stone are called ‘ lawns.’ 

There are at least two distinct types, to 
both of which the term lynchet is applied 
by archaeologists. One is clearly related 
to the small, generally rectangular, ‘ Celtic 
Fields.’ When these fields occur on a slope, 
the uphill side of the field boundary is dis- 
tinctly higher, i.e. there is a step down at 
the boundary, but the ‘lynchets’ thus 
formed are short and at angles to each 
other. There is little doubt that the down- 
hill creep of disturbed soil can account 
for the banking up above the boundary, 
which is sometimes (as at Batheaston) a 
true dry-stone wall. The cultivation of 
these fields was going on in pre-Roman 
times and continued into the Roman 
occupation. 

The second type is the ‘ Strip Lynchet,’ 
with which I am concerned. The term 
suggests that they are related to strip culti- 
vation, and the ‘ lawns’ of Portland and 
the similar forms (rideaux in France) that 
develop in areas of strip cultivation on 
slopes in many parts of Europe, seem to 
suggest that they are produced in this way. 
Many other hypotheses, however, have 
been advocated in explanation of their 
mode of origin and the culture with which 
they are associated, but very rarely have 
these hypotheses been subjected to rigid 
testing by objective investigation, excava- 
tion or measurement. 


1 Abridged text of Address delivered to Section E 
(Geography) at Oxford on September 3, 1954. 


To support our contention that the col- 
lection of the fullest possible factual infor- 
mation should precede theorising, the 
Geography Department of the University 
of Reading prepared a detailed map of 
the fine flight of lynchets at Bishopstone, 
near Swindon, and dug a trench through 
three of them. The map and sections, it is 
hoped, will be placed on record in the 
Wiltshire Archaeological Magazine. The site 
was visited by excursion E.3 (on Saturday, 
September 4) and H.3 (on Sunday, Sept- 
ember 5); several members examining 
the section found evidence therein in 
support of several contradictory theories 
of their formation. 

The chief problems connected with strip 
lynchets are why, when and how were they 
made, for there is no doubt that they are 
not natural, but man-made features. First, 
as to ‘ why.’ It is difficult to understand, 
as one stands on the bleak escarpment of 
the Downs at Bishopstone and looks down 
on the fertile, easily cultivated shelf of 
lower chalk and upper greensand at its 
foot, why anybody should have taken the 
trouble to cultivate the thin soil of those 
steep slopes. Today when the pressure of 
demand for home-grown food has led to 
the ploughing up of the chalk, the flat 
tops with their deeper soil are preferred 
to the steep slopes, and even the ready- 
made flats of the lynchets are rarely culti- 
vated. 

But most of the conjectures as to ‘ why’ 
are closely related to ‘ how,’ for the method 
of construction would depend on the pur- 
pose in view. It is important to bear in 
mind the possibility that not all the lynchets 
need have been constructed in the same 
way or have fulfilled identical functions. 
The three similar-looking terraces exca- 
vated at Bishopstone are not identical in 
structure as revealed in section. Terraces 
are produced today in hilly terrain for 
quarries, housing estates, roads, playing 
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The Mapping of Strip Lynchets 


fields, vineyards, ornamental gardens and 
fortifications. And having been created 
for one purpose they might be converted 
to another use, as old shafts in the Lower 
Greensand are now used by mushroom 
growers, or as the wet gravel pits around 
London are used as Lidos or fish ponds, for 
which they were not intended in the first 
place. 

Were the lynchets lime quarries ? 
Pliny tells us that the Britons limed their 
fields, and the nearby heavy clay lands at 
the foot of the chalk scarps certainly need 
heavy liming. Or were they even building 
stone quarries? Several bands of blocky 
chalk occur in the lower part of the forma- 
tion and have been used from time im- 
memorial for building. Bishopstone has 
probably been rebuilt three or four times 
since Domesday (for chalk houses have 
a limited life), today most of the houses 
are built partly or largely of chalk. The 
volume of rock extracted must be colossal. 
Where has it come from? There are scars 
of old quarries in the neighbourhood but 
they seem inadequate. 

What evidence should we seek? We 
may estimate the volume of chalk building 
stone in the neighbourhood (an estimate, 
based on a house survey, is 250,000 cubic 
feet for the present-day village of Bishop- 
stone alone), and compare with the volume 
disappeared from the lynchets. We may 
study the position of the lynchets in rela- 
tion to the horizons of good building chalk. 
We may compare the micropalaeontology 
of the stone with that of the chalk under 
the lynchets. We may excavate the ‘ floor ’ 
of the lynchet treads and see if it looks like 
a quarry road, bare chalk from edge to 
edge. We may seek documentary evidence, 
e.g. stone masons’ accounts, of the source 
of the stone. 

Or were the lynchets deliberately con- 
structed as terraces for vines or other 
gardens ? This hypothesis is most unlikely 
as a universal explanation, for, owing to 
the run of the chalk outcrop, the scarp 
generally faces west of north and many 
lynchets face due north where the vine 
would not prosper. But some face south, 
like the fine examples at Mere, near 
Shaftesbury. What evidence do we seek ? 
If constructed as terraces the outer wall 
would probably be reinforced with stone, 
or blocky chalk ; excavation would reveal 
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this. The soil thrown in behind the wall 
to make the terrace would rest on old turf 
which should be discoverable in section 
with the aid of careful analysis of the soil. 
Vine roots are tough and might be pre- 
served, if so Carbon 14 tests might be 
applied. 

Or were they produced by ploughing 
along the hillside, thus causing the loosened 
soil to creep downhill? And if so, how 
was the downhill creep checked ? Was it 
by balks of unploughed grassland ? Was 
the downhill movement of soil which 
flattened the profile and produced the 
tread of the lynchet aided by turning the 
furrow always downhill, the plough re- 
turning idle in the other direction? as 
William Marshall suggested in 1800 and 
Seebohm insisted in 1890. And did the pro- 
cess result eventually in the total removal of 
soil on the uphill edge of the tread so that 
the plough cut into unweathered chalk as 
Dr. Orwin alleges but Dr. Curwen denies ? 
—it can be seen happening today where 
steep slopes are being ploughed. 

How shall we check ? What tests shall 
we apply ? We can measure carefully the 
slope across the tread ; soil must have a 
slope to creep down ; if the tread is hori- 
zontal the theory will not hold (all the 
Bishopstone lynchets have a downhill 
slope on the tread of about 1 in 15). Ifit 
is convex the plough must have gone both 
ways, and raised one ridge flanked by two 
furrows. Trenching would show, and at 
Bishopstone it does show, a thin soil 
(8 ins.) resting on fresh, almost un- 
weathered chalk on the uphill edge of the 
tread. Half way across the tread the soil 
begins to thicken and by the outer edge 
is 3 or 4 ft. thick. It contains, throughout 
its depth, little pellets of chalk possibly 
suggesting that bare rock was being 
scratched up in the neighbourhood, and 
it rests on a surface of chalk more deeply 
(and presumably longer) weathered than 
at the uphill edge. 

Lynchets do not follow contours ; 
where there is a hollow (e.g. where they 
cross a coombe) they dip down steeply 
and rise again on the other side. At 
Bishopstone the slope along one of the 
lynchets is 5° (1 in 11-5), quite a severe 
gradient for even a strong team of oxen 
to pull a plough up. Or did they plough 
from either side down towards the bottom 
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of the hollow ? if so they must have had 
a reversible mould board if the furrow 
slice was to be turned downhil] whichever 
way the plough was going. The measure- 
ment of gradients along the lynchet needs 
to be accurately known as well as the 
gradient across it. 

But who made the lynchets and when 
did they make them? Are they associated 
with a particular culture? Are they re- 
lated to the nearby Ridgeway or to the 
string of Iron Age hilltop forts? It has 
been claimed that the small Celtic Fields 
can be traced across Europe from the 
valley of the Po, but that the Saxon field 
system completely and rapidly replaced 
the Celtic and Romano-British system in 
the south of England ; the initiation of 
strip lynchets is thus attributed by some 
to the Saxons. This distributional evidence 
stands in need of much fuller investigation 
and we need a comprehensive (and objec- 
tively determined) map of the complete 
distribution of both systems. 

Are they acre strips? are they relics of 
the open-field system ? The strip lynchets 
of the well-known Calstone Fields corres- 
pond almost exactly with the holdings 
shown on a pre-enclosure map of the open 
field and a few other cases of correspon- 
dence have been recorded, e.g. from God- 
manstone and Sutton Waldron; many 
more should be searched for. In itself this 
is not conclusive ; it only means that the 
lynchets were ploughed, as they often are 
today because they provide a convenient 
piece of flat land ; it does not mean that 
the ploughing made the lynchets in the 
first place. The claim that they are the 
standard acre (220 yds. x 22 yds.) or the 
conventional parts of it, can easily be dis- 
proved by measurement. Some approxi- 
mate to this size, they are bound to, but 
in view of the nature of the terrain they 
cannot all be expected to conform ; it is 
always difficult and usually impossible, to 
impose such an inflexible pattern on to 
the variable size and slope of a hillside. A 
statistical study of the shape and size of 
all strip lynchets would reveal the likeli- 
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hood of the makers having aimed at such 
a target ; but there is a lot of measuring 
to be done before this is feasible. 

In conclusion I may summarise my 
suggestions for the collection of factual 
information which I regard as an essential 
prelude to the drawing of conclusions 
about the age, origin and function of strip 
lynchets. These fall into two categories: 
(1) broad distribution and (2) detailed 
study of individual lynchets or complex 
groups. 

(1) We need a map, of Britain to begin 
with, showing every occurrence. The 
Ordnance Survey maps provide a start, 
but are incomplete; they need filling in 
by archaeologists and geographers with 
local knowledge. Air photographs are a 
great help ; they have already been used 
for county maps of Celtic Fields. One 
would want to know : 


1. Position (national grid reference). 

2. Number in the group and size 
(length and breadth). 

3. Aspect (compass direction). 

4. Geological formation and/or soil type. 


(2) For as many occurrences as possible 
we need : 

1. A detailed contour map based on a 
special survey showing size, shape and 
slope. In 1950 we tried with level and 
staff to make an accurate map, but it 
takes too long—in any case the tufts of 
grass and minor irregularities are 6 inches 
deep, so at Bishopstone we are developing 
a technique for rapid survey of an accuracy 
adequate for the purpose. 

2. One or more sections cut through to 
the underlying rock, measured, drawn to 
scale and, if possible, photographed. The 
position of any ‘finds’ to be precisely 
noted and the ‘finds’ submitted to an 
expert. A soil augur may be used as a 
rapid means of obtaining soil profiles in 
supplementation of the information ob- 
tained from the trench. 

3. A tireless pursuit of relevant docu- 
mentary evidence bearing on the past use 
of the land. 
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REASON AND FALLACY IN THE STUDY 
OF FOSSIL MAN’ 
by 
Pror. W. E. LE GROS CLARK, F.R.S. 


Tuts meeting of the British Association 
takes place in a year which marks the 
centenary of one of those seemingly 
chance occasions which eventually led to 
the conception of the idea of natural 
selection as the main basis of organic 
evolution. As is well known, this idea 
occurred practically simultaneously to the 
two great naturalists, Darwin and Wallace. 
It was a hundred years ago, on November], 
1854, that Wallace landed in Borneo to 
spend several months in Sarawak, and, 
four months after his arrival (in February 
1855), he wrote his essay: ‘ On the law 
which has regulated the introduction of 
new species.” Three years later, during 
an attack of malarial fever on one of the 
Molucca islands, while cogitating on his 
experiences in the tropical forests of the 
Far East, he records that ‘ there suddenly 
flashed upon me the idea of the survival 
of the fittest. . . . In the two hours that 
elapsed before my ague fit was over I had 
thought out almost the whole of the theory, 
and the same evening I sketched the draft 
of my paper, and in the two succeeding 
evenings wrote it out in full, and sent it 
by the next post to Mr. Darwin.’ Darwin 
had in fact already arrived at precisely the 
same conclusions, and in support of them 
had accumulated a vast amount of 
detailed evidence. 

The history of Wallace’s wanderings in 
Sarawak has always been of special interest 
to me personally, for in the early part of 
my career I myself spent three years in the 
same region of Borneo, and took occasion 
to make a number of expeditions into the 
jungles and forests in search of some of 
the less common mammals which belong to 
the zoological Order, Primates, the Order 

1 Evening Discourse delivered at Oxford on 


September 3, 1954, during the Annual Meeting of 
the British Association. 


(that is to say) which includes the zoologi- 
cal family called the Hominidae to which, 
by virtue of our anatomical structure, we 
ourselves belong. As a matter of fact, 
Borneo is a particularly interesting country 
for those interested in the Primates, 
because it is the natural habitat of so many 
different representatives of that Order. 
It is the home of the most primitive of those 
extraordinarily primitive Primates, the 
tree-shrews, as well as of other tree-shrews 
of a more highly organised type which 
show quite a number of lemur-like charac- 
ters ; of lemurs which combine in their 
anatomy a blend of features suggesting an 
intermediate position between tree-shrews 
and monkeys ; of the curious little tarsier 
which in some respects is even more 
monkey-like ; of many different kinds of 
tailed monkeys; of anthropoid apes 
represented by the smaller and more 
primitive gibbon and the larger and more 
man-like ape, the orang-utan ; and lastly, 
of course, of several interesting varieties of 
Homo sapiens. Meeting all these Primates 
(face to face, as it were) in their natural 
surroundings, one is bound to be impressed 
with the fact that they comprise a rather 
remarkable gradational series which, 
broadly speaking, links man anatomically 
with some of the most primitive placental 
mammals which exist to-day. Grada- 
tional series of this sort, of course, had 
attracted attention long before the days of 
Darwin and Wallace, and they provided 
one of the first clues which gave rise to the 
idea of an evolutionary process. Indeed, 
it was the subsequent elaboration of this 
type of evidence which led on (almost 
inevitably, as it seems in retrospect) to the 
discovery of the principle of natural 
selection in relation to the origin of species. 

Now, however extensive and compelling 
it may be, the evidence for evolution based 
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on the study of creatures living to-day can 
only be indirect evidence. Direct evi- 
dence, on the other hand, must depend on 
the actual demonstration from the fossil 
record of a succession of transitional stages 
representing the transformation in geo- 
logical time of an ancestral into a descen- 
dant type. We may perhaps put it in this 
way. ‘The evidence from the comparative 
anatomy of living forms, together with the 
geographical distribution of local species 
and varieties which exist to-day, demon- 
strates that evolution might have occurred. 
The evidence provided by a study of the 
process of natural selection, experimental 
genetics, population statistics and so forth, 
establishes quite clearly that the machinery 
exists whereby evolution could have 
occurred. But that evolution actually 
did occur can only be scientifically estab- 
lished by the discovery of the fossilised 
remains of representative samples of those 
intermediate types which have been 
postulated on the basis of the indirect 
evidence. In other words, the really 
crucial evidence for evolution must be 
provided by the palaeontologist whose 
business it is to study the evidence of the 
fossil record. 

It is quite well known that the fossil 
record of some groups of mammals is 
sufficiently complete to provide a fairly 
clear picture of their evolutionary history, 
for in such cases the extinct types arrange 
themselves in a gradational series which 
the geological evidence shows to be also a 
time sequence. So far as man’s ancestry 
is concerned, however, the fossil record is 
far from complete. On the other hand, 
it is by no means negligible. But, in 
spite of this, the interpretation of the 
record still gives rise to astonishingly 
diverse opinions among anthropologists, 
and it is a matter of importance to enquire 
why this should be so. No doubt one of 
the reasons is that it is extraordinarily 
difficult to view the evidence quite 
objectively. For, after all, the problem of 
our own origin is a very personal problem, 
and even the scientist may not find it easy 
to clear his mind entirely of an emotional 
element when he considers the evidence in 
detail. One gets the impression that this 
tends to affect arguments about fossil 
remains in quite different ways, such as 
claiming for modern man a much greater 
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antiquity than is actually warranted by 
the geological evidence, or claiming that 
certain extinct types are much more ape- 
like than they really are. There is no 
doubt, also, that the element of emotional 
prejudice has been increased in popular 
expositions of the origin of man by the 
tendency to compare him in his anatomical 
structure only with modern anthropoid 
apes such as the gorilla, chimpanzee and 
orang-utan. As a result, the idea has 
unfortunately got about that he is actually 
supposed to have been descended from a 
creature almost precisely like these apes of 
to-day. But this is a gross misconception 
for which there has never been the slightest 
foundation. It is true that in quite a 
number of anatomical characters of the 
skull, skeleton, teeth, viscera, brain, etc., 
man shows a closer resemblance to the 
modern anthropoid apes than he does to 
any other group of mammals, and, by 
analogy with what we know from the 
fossil record of the evolutionary history of 
other groups of mammals, this suggests the 
probability that the anthropoid ape 
family and the zoological family which 
includes man (the Hominidae) were 
ultimately derived from a common ancestral 
stock bya process of divergent modification. 
But, if this is so, we need to remember 
that when we compare anatomically man 
and the anthropoid apes of to-day, we are 
comparing the terminal products of two 
separate (and in many ways contrasting) 
lines of evolution which presumably 
diverged from each other at quite a 
remote geological period. Failure to 
recognise this rather obvious point has 
certainly led to a certain amount of con- 
fusion in some discussions on human 
origins. 

This brings us to one of the most 
essential questions relating to the general 
problem of evolutionary relationships and 
evolutionary lines of development. How 
is it to be determined, simply on the basis 
of comparative anatomy, that one type of 
animal is closely related to another, or 
perhaps that the relationship at the most 
is only a very distant one ? The answer is 
that degrees of relationship are inferred 
on the basis of resemblances or differences 
in anatomical characters. If two types 
very closely resemble each other in a com- 
plex pattern of anatomical details of the 
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skull, skeleton, teeth, etc., it is inferred 
that their genetic relationship is corres- 
pondingly close. Evidence of this kind 
by itself, of course, is indirect evidence. 
But it has been found to conform with the 
evidence of the fossil record in many 
instances and thus may be accepted as 
reasonably sound. However, in attempt- 
ing to assess degrees of relationship it is 
most important to recognise that not all 
anatomical resemblances have the same 
significance, and they may not therefore 
be treated as though they all had the same 
quantitative value. Everyone agrees that 
man is a mammal, for in his anatomical 
structure and physiological functions he 
falls within the zoologist’s definition of a 
mammal ; indeed, he is constructed on the 
same basic anatomical and physiological 
principles as even the lowliest of mammals 
which exist to-day. But this does not 
indicate a very close relationship with the 
lowliest mammals ; in fact it only indicates 
a very remote relationship indeed—the 
result of the inheritance of common mam- 
malian characters going back perhaps as 
much as a hundred million years. It is 
also agreed that man is a member of the 
Primates, for in his anatomical structure 
he accords with the zoologists’ definition of 
this mammalian Order, and for the same 
reason he is grouped with the anthropoid 
apes with which he has many anatomical 
characters in common. But the fact that, 
for example, he has the same number of 
teeth as a chimpanzee, and also the same 
bony elements of the skeleton, the same 
basic pattern of convolutions of the brain, 
the same general disposition of muscles and 
so forth, by no means necessarily indicates 
a very close and immediate relationship ; 
on the contrary, it can only be taken to 
suggest that man and the chimpanzee have 
inherited such common characters from a 
common ancestral stock, and, as we shall 
see, on the present fossil evidence their 
origin from this presumed ancestral stock 
must have occurred at least several million 
years ago. Such characters may conveni- 
ently be called ‘characters of common 
inheritance.’ But when different lines of 
evolution branch out independently of 
each other to form separate groups (such 
as those represented by the different 
families of zoological classification), each 
of them—because of its different genetic 


constitution and therefore different poten- 
tialities—acquires its own special and 
peculiar pattern of anatomical characters 
by which it comes to be distinguished as a 
group of closely related types. Characters 
of this sort may be called ‘ characters of 
independent acquisition,’ and they ob- 
viously have a far greater value for 
assessing degrees of relationship as between 
one group and another. Thus, if the 
inference from comparative anatomy is 
correct that the anthropoid ape family and 
the family of the Hominidae (which 
includes not only modern man but also 
his predecessors) have ultimately sprung 
from a common ancestral stock, it is 
quite clear that they have followed very 
different (and in some ways quite opposite) 
trends of evolutionary development. For 
example, the ape family gradually became 
adapted to one particular mode of 
arboreal life with associated changes in the 
proportions of the limbs, and they also 
developed quite special features of the 
skull and dentition. All these, taken 
together, comprise a pattern of characters 
which was acquired independently by the 
anthropoid ape sequence of evolution, and 
they are peculiar to, and therefore diag- 
nostic of, this sequence and serve to dis- 
tinguish quite sharply its earlier and later 
representatives from the hominid sequence 
of evolution. Contrariwise, the hominid 
sequence of evolution has been distin- 
guished by its own special trends of evolu- 
tionary development, as shown by quite 
unique characters of the skull, dentition 
and limbs; these are the characters of 
independent acquisition whereby all the 
subsidiary ramifications of human evolu- 
tion contrast strongly with those of anthro- 
poid ape evolution. Quite obviously, if 
the commonly accepted picture of hominid 
evolution is correct, then the representa- 
tives of the earlier phases of this evolution 
must have shown many primitive features 
which were later superseded in the progres- 
sive changes culminating in modern Homo 
sapiens—for example, the fossil evidence 
now makes it fairly clear that the expan- 
sion of the brain which is so characteristic 
of our own species was a comparatively 
late phenomenon of hominid evolution 
(for there is no evidence that it occurred 
before the beginning of the Pleistocene 
period, that is to say, the period of the 


282 


Gre 
exp: 
| obt1 

of 
cha: 
dias 

mal 
defi 
| ape: 
refe 
thai 
terr 
ofe 
pol 
con 
the 
con 
| mo?’ 
| by 
onl 
cal 
| pre 
def 
sch 
con 
Ma 
| of 1 
his 
| em 
mil 
| he 
spe 
vir 
cay 
ma 
: the 
cor 
tha 
wil 
Me 
see 
is 
int 
av 
tio 
Ne 
lec 
wi 
Nz 
no 
ov 


Great Ice Age). But even before the 
expansion of the brain became at all 
obtrusive we might expect to find evidence 
of the incipient development of other 
characters of independent acquisition 
diagnostic of the Hominidae, which would 
make it clear that these early types were 
definitely hominids and not anthropoid 
apes. 

PThere is one other point to which I must 
refer in these preliminary remarks, and 
that is the use and misuse of the colloquial 
terms ‘ man’ and ‘ human’ in discussions 
of evolutionary origins. Not even anthro- 
pologists always employ these terms 
consistently, but the main difficulty is that 
they are terms which in ordinary usage are 
commonly taken to imply very much 
more than the meaning attached to them 
by anatomists or biologists when they are 
only considering man in a strictly anatomi- 
cal or biological sense. It is, in fact, 
pretty well impossible to give a satisfactory 
definition of man which will satisfy all 
schools of philosophy. In its religious 
connotation, for example, the concept of 
Man is taken to imply the conjunction 
of two quite distinct orders of being ; in 
his physical body and those aspects of 
emotional experience which may be deter- 
mined by purely physiological processes 
he is a member of the material or—more 
specifically—the biological world ; and by 
virtue of the fact that he is believed to 
possess a soul or spirit and that he is 
capable of responding to beauty, of making 
moral judgements, and of apprehending 
the divine, he is a member of a non- 
corporeal order of reality. It is possible 
that not all of us feel completely satisfied 
with such a dualistic interpretation of 
Man, even when stated in terms which 
seek to avoid the implicit dualism. But it 
is a view widely held by men of great 
intellectual distinction, and it is therefore 
a view which demands respectful considera- 
tion, to say the very least. Matthew 
Arnold once wrote: ‘ Man hath all that 
Nature hath, but more,’ and in this 
lecture I am, of course, only concerned to 
discuss those physical attributes of man 
which he shares in common with the rest of 
Nature. The fact is that the anatomist is 
not qualified as an anatomist to define man 
as Man. He is only competent within his 
own special field of study to define man in 
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anatomical terms as one of the species of 
the animal world—Homo sapiens. It is for 
this reason that I have come to the con- 
viction that in discussing the evolutionary 
origin of our own species, the biologist 
should avoid altogether the terms ‘ man’ 
and ‘ human ’—except only where there 
can be no possible misunderstanding about 
what he means by them. Undoubtedly, 
also, we can approach this whole problem 
with much greater objectivity if we confine 
ourselves rather strictly to the scientific 
terms of zoology, such as Homo (meaning 
the generic group of which Homo sapiens is 
one of the species—in fact, the only surviv- 
ing species) and the Hominidae (an inclu- 
sive term meaning the zoological family of 
which Homo is one of the genera).} 

In so far as, biologically speaking, Homo 
sapiens is one of the mammalian species 
(and thus may be presumed to be the 
product of an evolutionary process similar 
to that which is known from the fossil 
record to have been the case with other 
groups of mammals), the questions natur- 
ally arise—what precisely is his relation- 
ship to the other members of the zoological 
Order to which (by virtue of his anatomi- 
cal structure) he belongs, and how came 
he to acquire those distinctive characters 
which distinguish him from all other 
mammals, such as his large brain and his 
ability to stand and walk erect? These 
are questions which can only be finally 
answered by the evidence of the fossil 
record. 

What, now, do we actually know from 
the fossil record of the origin of mankind ? 
Not nearly as much as we should like to, 
and not nearly as much as some people 
seem to suppose. The fossil record has 
certainly become much more abundant as 
the result of discoveries in recent years, so 
that it is no longer true (as used to be 
facetiously observed) that there are actu- 
ally more students of fossil man than 
specimens for study and argumentation. 
But it is still meagre in comparison with 
that of some other groups of mammals, 


1 I cannot help feeling that, if in the early days of 
evolutionary discussion a clear distinction had been 
made between what may be termed ‘ anatomical 
and physiological man’ (i.e. the biological species, 
Homo sapiens) and the concept of Man in its wider 
philosophical context, some of the more distressing 
controversies of those days might perhaps have 
been avoided. 


283 


en- 
ers 
iS a 
en 
the 
is 

ind 
ich 
Iso 

‘or 
he 
Iso 
he 
en 
he 
ite 
n 


Reason and Fallacy in the Study of Fossil Man 


so that, while it certainly provides rather 
positive indications of the main trends of 
evolution, many of the details have to be 
filled in quite provisionally for the present, 
with the ready admission that new dis- 
coveries may require quite considerable 
modifications of current interpretations 
of the evidence. 

We know that in Europe men of modern 
type (Homo sapiens) were certainly in 
existence in well-organised communities 
and with quite an elaborate culture some 
10,000 years ago in the Mesolithic period. 
Indeed, there is quite good evidence that 
some of them had even invaded the 
American continent by that date. We 
also have evidence that still earlier com- 
munities of Homo sapiens occupied Europe 
about 15,000 years ago. We are fairly 
certain of this because the antiquity of 
some of the prehistoric cave paintings 
discovered in France—dating from the 
Magdalenian period of palaeolithic culture 
—has been estimated by the radioactive 
carbon method, and the skulls and skele- 
tons of the people living at that time are 
indistinguishable from those of Homo 
sapiens. Indeed, I do not think they could 
easily be distinguished from modern 
Europeans. We can go further, for we 
know that men of the Homo sapiens type 
were living in a still earlier cultural period, 
the Aurignacian, and on the geological 
evidence this allows us with some assur- 
ance to carry palaeolithic communities of 
Homo sapiens back to a period not long 
after the climax of the last glaciation of the 
Ice Age—probably about 20,000 years ago. 
But if men of modern physical type had 
already been able to develop a relatively 
advanced culture in Europe as far back as 
this, it might be supposed that, as a bio- 
logical species, Homo sapiens must have a 
still greater antiquity. In fact, there is 
some fossil evidence in support of this 
conjecture. ‘ 

A number of human skulls, or parts of 
skulls, have been excavated from deposits in 
Europe which were evidently laid down 
before the last major glaciation of the Ice 
Age—that is to say, during the preceding 
warm interglacial period. The geological 
evidence for this is reasonably sound, and, 
so far as we can judge by the fossilised 
bony remains, the latter belong to the 
same species as ourselves, though it may 


well be that if we could see them in the 
flesh we should recognise them as a dis- 
tinct race. Now, this carries Homo sapiens 
in Europe back something like 50,000 
years, though it is important to note that 
this is only an approximate estimate 
based on general considerations of a 
geological nature. But we do have con- 
firmation of an antiquity of this order for 
the species from the radioactive carbon 
analysis of a specimen of peat from a site 
at Florisbad (in South Africa) where a 
skull of Homo sapiens type was discovered in 
1933. The peat (with which the skull 
was Closely associated) showed no radio- 
activity, from which it has been concluded 
that it was probably deposited more than 
40,000 years ago. 

Lastly, there is some evidence that 
Homo sapiens was present in Europe even 
in the penultimate interglacial period, a 
phase of the Ice Age which could hardly 
have occurred less than 100,000 years ago. 
This evidence is mainly based on the 
Swanscombe ‘skull,’ two parts of which 
were discovered in gravels of the Thames 
valley in 1935 and 1936. But, although 
the geological and archaeological esti- 
mates of the antiquity of these gravels are 
reasonably sound, there are two reasons 
for a certain amount of caution in regard 
to this specimen. In the first place it is an 
isolated specimen, and conclusions based 
on it should await final confirmation by 
further discoveries. Secondly, the so- 
called ‘ skull’ consists of only two bones 
of the brain case—the occipital and the 
left parietal. Now, it is a fact that a most 
searching study of these bones by anatomi- 
cal and statistical methods has failed to 
show any difference at all from those of 
modern Homo sapiens. It is probable, 
therefore, that Swanscombe man was an 
individual of this species. But we cannot 
be quite certain, and we need to be aware 
here of a fallacy which not infrequently 
obtrudes itself in discussions on fragmen- 
tary fossil remains ; that is, the fallacy of 
assuming that there is sucha precise correla- 
tion between the anatomical features of 
different parts of the body that it is possible 
with certainty to infer the whole structure 
from only a portion of it. In fact, this 
so-called ‘ law’ of the correlation of parts 
is a rather dangerous pitfall, and has 
led more than one anatomist to quite 


284 


mis} 
com 
adn 
othe 
Ho 
5 Hon 
refe 
ten 
sen! 
| whi 
tive 
: sup 
: bec 
| hov 
mo 
has 
fras 
sha 
be 
hay 
: sku 
thi 
tor 
hel 
hi 
th 
the 
fez 
thi 
bo 
co 
th 
wi 
Bi 
Bu 
lai 
: 
sk 
re 
ta 
cl 
in 


misleading conclusions. So far as Swans- 
combe man is concerned, it must be freely 
admitted that the further discovery of 
other parts of the skull and of the skeleton 
may show that he was rather distinct from 
Homo sapiens. 

There is another fallacy to which I must 
refer, and that is a most unfortunate 
tendency to over-emphasise so-called 
primitive features in these ancient repre- 
sentatives of Homo sapiens, a tendency 
which often seems to be the result of subjec- 
tive impressions influenced simply by the 
supposed antiquity of the specimen, or 
because the investigator has not realised 
how variable some features are even in 
modern Homo sapiens. For example, it 
has been claimed that in some respects the 
fragmentary skull of Swanscombe man 
shows primitive features which are not to 
be found in modern man, though (as we 
have just seen) a systematic study of the 
skull with adequate comparative material 
has failed to demonstrate anything of the 
sort. But one of the best illustrations of 
this point is the famous Galley Hill skele- 
ton, which was discovered in 1888 and was 
held by some authorities to be of very 
great antiquity. One or two anatomists of 
high distinction persuaded themselves that 
they could recognise some very primitive 
features in this specimen, particularly in 
the shape of the lower jaw. Moreover, an 
apparently exhaustive study of the thigh 
bone involving an elaborate statistical 
comparison of a number of measurements 
and indices had even led to the conclusion 
that it was quite distinct from modern man, 
with the further suggestion that in some 
respects it seemed to approach the apes. 
But in recent years it has been determined, 
largely as a result of the analysis of its 
fluorine content, that the Galley Hill 
skeleton was a burial of comparatively 
recent date—perhaps the remains of a 
Neolithic man, or possibly even a later 
interment. How is this discrepancy of 
evidence from the statistical side to be 
explained ? This is rather an important 
question, for statistical tables (particularly 
to anyone who is not a statistical expert) 
are apt to convey an impression that con- 
clusions based on them are final and 
indisputable. But it has now come to be 
realised that the application of statistical 
methods to the study of zoological relation- 
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ships of fossil remains is open to rather 
serious fallacies, depending on the statisti- 
cal methods used, on the actual number 
of measurements taken, on whether the 
measurements compared are really strictly 
equivalent in the morphological sense, on 
whether they differentiate between what I 
have called characters of common inheri- 
tance and characters of independent ac- 
quisition, and so forth. It has also been 
demonstrated that if the individual charac- 
ters and measurements of a bone or a 
tooth are compared independently one by 
one, as isolated abstractions, instead of 
comparing them in their totality as integral 
components of a total pattern (which can 
be done by the very complicated method of 
multivariate analysis), entirely different 
(and sometimes very misleading) con- 
clusions may be reached. In the case of 
the Galley Hill thigh bone, the answer is 
fairly simple, for in the statistical study of 
this bone comparison was made with the 
thigh bones from a collection of skeletons 
of seventeenth-century Londoners, and it 
seems to have been assumed that these 
could be taken as representative of the 
Homo sapiens as a whole. But obviously 
the comparison must be made with samples 
of all the main varieties of Homo sapiens 
before it can be legitimately concluded that 
there is a distinction from ‘ modern man.’ 

I must here make a passing reference 
to the well-known ‘ Neanderthal man,’ 
although this extinct type almost certainly 
had nothing to do with the origin of modern 
types. But he illustrates rather well the 
need for caution in drawing conclusions 
from too scanty fossil evidence. When 
remains of Neanderthal man were first 
discovered and described, he was regarded 
by some authorities as essentially a primi- 
tive type linking Homo sapiens with the 
apes. As a provisional interpretation of 
the evidence then available this was 
perhaps not unreasonable. For he was 
known to be ancient (living in the period 
of the last glaciation of the Ice Age) and he 
showed a number of apparently primitive 
characters such as a retreating forehead, 
huge brow ridges and a large, chinless jaw. 
However, as we have already seen, we 
now have evidence that Homo sapiens had 
already come into being at a still earlier 
time. It appears, therefore, that Neander- 
thal man could hardly have been ancestral 
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to Homo sapiens, and it is now generally 
held that he represents a secondary and 
somewhat aberrant line of evolution 
which finally came to a dead end. 

We have seen that there is quite good 
evidence that Homo sapiens goes back to the 
last interglacial period, and there is some 
evidence (which needs to be confirmed by 
further discoveries) that he also existed in 
the preceding (second) interglacial period. 
What, now, about the evidence of still 
earlier types of the hominids? If man is 
defined as a tool-making hominid, we 
know that he extended back to the earliest 
part of the Pleistocene period, for his stone 
implements have been found in geological 
deposits of this age in many parts of the 
Old World. But what of his physical 
characters ? There is quite sound evidence 
from fossil remains that hominids of a 
very primitive type were in existence in 
the Far East during the Middle and Early 
Pleistocene, for these remains have been 
found in fair numbers in Java and China. 
But he was very different from Homo 
sapiens. Skulls, or parts of skulls, show 
that these early types had small brains— 
on the average not very much more than 
two-thirds the size of the brain of modern 
man, they had retreating foreheads, huge 
brow ridges, massive jaws and very large 
teeth. Indeed, so different were they from 
modern man that they are usually recog- 
nised as a distinct genus which has 
been called Pithecanthropus. At one time 
there was a good deal of animated dis- 
cussion about the exact status of these 
fossil types, and some authorities even 
supposed they were really apes—a sort of 
giant gibbon. Now, if you confine your 
attention and limit your measurements to 
just those primitive characters of the skull 
and jaws of Pithecanthropus in which this 
ancient hominid appears to resemble apes 
—and if, moreover, you compare them 
only with (say) modern Europeans—you 
could no doubt make out quite a plausible 
case for arguing that he was an ape. But 
such primitive characters are evidently 
characters of common inheritance which 
(as we have seen) do not by themselves 
differentiate between the anthropoid ape 
family and the Hominidae, since in both 
groups they must be presumed to have been 
derived in the much more remote past 
from a common ancestral stock. And if 


this evolutionary divergence has in fact 
taken place, such characters may be 
expected to be more obtrusive in the 
earlier representatives of the hominid line of 
evolution, before, that is to say, the trends 
of evolutionary development which are 
distinctive of this line had manifested 
themselves to the degree seen in later 
representatives. But it does not mean, of 
course, that Pithecanthropus was an ape— 
or even that he was nearly related to the 
apes. For, in fact, this fossil type shows 
very many characters which are quite 
distinctive of the Hominidae, that is to 
say, a combination of characters which the 
members of this family acquired in com- 
mon with each other after it had become 
completely segregated in its evolutionary 
history from all other Primates (including 
the ape family). Such characters are 
seen in the larger brain, many details of 
dental anatomy, and particularly in the 
limbs. The limb bones which have been 
found are few and most of them are rather 
fragmentary, but so far as they go they 
show that the limbs of Pithecanthropus were 
not only entirely different from those of 
the known apes, but were fashioned almost 
precisely as they are in Homo sapiens. In 
other words, it appears that in the gradual 
progress of the hominid line of evolution, 
the modifications of the limbs for an 
upright posture were completed long 
before the brain, skull, jaws and teeth had 
undergone the refinements seen in Homo 
sapiens. We know, too, from excavations 
in China that Pithecanthropus had already 
mastered the technique of fabricating stone 
implements, and even knew the use of 
fire for domestic purposes. Thus, in spite 
of his relatively small brain, he was 
certainly endowed with an intelligence 
which can properly be termed ‘ human.’ 
It is a matter of some interest to conjecture 
how many years ago Pithecanthropus lived 
in the Far East. Unfortunately, this can 
for the present be no more than conjecture, 
for although we know he was already in 
existence in the Early Pleistocene we have 
as yet no means of dating this period of 
geological time with any certainty in terms 
of years. Estimates based on indirect 
evidence (mainly by reference to the rela- 
tive lengths of the intermittent glaciations 
and interglacial periods) suggest an anti- 
quity of as much as half a million years, 
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but I must insist again that these are only 
approximate estimates which may quite 
likely need to be revised in the light of 
future knowledge. 

So far, there is no reliable evidence that 
Homo sapiens had appeared on the earth 
as far back as the Early Pleistocene. It 
seems therefore that Pithecanthropus was a 
precursor of Homo sapiens, and the con- 
clusion naturally suggests itself that this 
extinct type of hominid was actually 
ancestral to Homo sapiens. This is not to 
say, of course, that the group of individuals 
whose remains have been found in the 
Far East was itself the ancestral stock 
from which we ourselves are descended. 
But other representatives of the same type 
may have been. No doubt the evidence 
of the fossil record is still far too scanty to 
establish firmly such a conclusion. It 
can only be at present a provisional 
hypothesis, but it is an hypothesis which 
is reasonably consistent with the few facts 
at our disposal so far. And it does fit in 
very well with the postulates of human 
evolution which have been based on the 
indirect evidence of comparative anatomy. 
But if these postulates are sound, then 
Pithecanthropus must presumably have been 
preceded by a still more primitive type of 
hominid—with still smaller brains, larger 
jaws and so forth. Is there any fossil 
evidence that such a type ever existed ? 
The answer to this question is to be found 
in the remarkable discoveries which have 
been made during recent years in South 
Africa of the remains of creatures to which 
(as a group) the somewhat cumbrous 
name Australopithecinae has been given. 
Unfortunately it is very difficult to give 
them a less pedantic name without mis- 
leading implications, though, because of 
the curious mixture of anatomical features 
which they show, they are sometimes 
referred to as ‘ ape men’ or ‘ near men.’ 

The remains of the Australopithecinae 
so far discovered are surprisingly numer- 
ous ; they include many skulls of indivi- 
duals of all ages from babyhood upwards, 
large numbers of jaws and hundreds of 
teeth, several limb bones, the greater part 
of an articulated spinal column, and three 
remarkable specimens of the pelvis. In 
the absolute size of their brain these 
extinct creatures were hardly advanced 
beyond the level of the large anthropoid 
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apes of to-day. With the small brain- 
case and the huge jaws, indeed, they do 
show a very ape-like appearance. In fact, 
if you choose to define an ape merely by 
reference to the size of the brain, then 
you would call them ‘ apes.’ But I think 
most authorities are now agreed that this 
would be misleading, for there are other 
reasons for concluding that they were not 
on the ape line of evolution at all. Here 
we come up against the same sort of 
problem which confused some anatomists 
in their attempts to interpret the signifi- 
cance of Pithecanthropus, the problem of 
differentiating between primitive charac- 
ters which are simply characters of com- 
mon inheritance signifying an _ ultimate 
derivation from an ancestry in common 
with the apes, and those characters which 
are diagnostic of the Hominidae for the 
reason that they were acquired inde- 
pendently by this line of evolution after it 
had become completely segregated from 
the apeline. The fact is that the Australo- 
pithecinae do present a very complex 
pattern of morphological characters which 
are otherwise only found in the Homi- 
nidae, and which are very different indeed 
from the characters of independent ac- 
quisition which are diagnostic of the 
anthropoid ape line of evolution. For 
example, the dentition is _ essentially 
hominid. It is true that the grinding teeth 
are very large, but not larger than they 
are in some of the jaws of Pithecanthropus. 
Indeed, in all fundamental characters the 
teeth are so like those of Pithecanthropus 
that I must admit to you that I do not 
know of any certain way by which I could 
distinguish them. On the other hand, 
they are so entirely different from the teeth 
of apes (either living or extinct) that they 
are quite easily distinguishable from these. 

In many details of the skull, also, the 
South African fossils are quite different 
from apes, and, again, in these particular 
respects they are similar to, or approach, 
the hominid type of skull. These details 
include (in combination) the height of the 
brain-case, the forward position of the 
occipital condyles (by which the skull 
articulates with the top of the spine), the 
shape of the jaws and chin region, the 
construction of the ear region of the skull, 
and the muscular markings at the back of 
the skull (on the occipital bone.) This 
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last feature is of very considerable im- 
portance in its functional significance. In 
all the known large anthropoid apes the 
neck muscles extend their attachment far 
up on the back of the skull (often forming 
here a prominent, shelf-like ‘ nuchal 
crest’) in order to hold up the head in 
position at the front end of a forwardly 
sloping spinal column. In modern man, 
the erect posture eliminates the need for 
these powerful neck muscles, for with the 
adoption of such a posture the head be- 
comes rather nicely balanced on the top 
of the vertical spinal column. In the 
South African fossils (and this is now 
known for certain from quite a number of 
specimens found at different sites in South 
Africa) the muscular markings on the 
back of the skull show the human arrange- 
ment—that is to say, the attachment of 
the neck muscles only extended up for a 
short distance. In other words, it suggests 
that in the Australopithecinae the skull 
must have been balanced on the top of 
the spinal column in a manner rather 
similar to ourselves, and that in their 
habitual posture they must have approxi- 
mated quite closely to the erect posture 
characteristic of Homo. There is corro- 
borative evidence of this in the forward 
disposition of the occipital condyles on 
the base of the skull, and (still more 
convincingly, as we shall see) in the 
construction of the pelvis and the lower 
end of the thigh bone. 

I ought to mention here that in some 
of the largest australopithecine skulls 
(found at Swartkrans) the top of the brain- 
case is marked by a low median crest 
which is related to the growth of the 
temporal muscles that move the massive 
jaws. This is simply the result of the 
combination of a small brain-case with 
large jaws. But in one of the earliest of 
these specimens to be discovered the 
occipital region at the back of the skull 
was missing, and it was thought by some 
that the median crest must have extended 
back into a high nuchal crest just as it 
does in gorillas, and that therefore the 
neck muscles must have been similarly 
extensive and powerful. This illustrates 
the grave danger (to which I have already 
referred) of relying too rigidly on the so- 
called ‘law’ of the correlation of parts, 
for, as we now know from other skulls 


with a median crest on the top and with 
the occipital region preserved at the back, 
the latter shows that there was in fact no 
high nuchal crest of the gorilloid type— 
the muscular markings for the neck 
muscles are situated low down in the 
typical hominid fashion. In possessing a 
median crest on the top of the skull 
without a high nuchal crest on the back 
of the skull, the Australopithecinae are 
unique among Primates. But this is 
simply because they represent an early 
phase in the evolutionary development of 
the unique character of the Hominidae— 
the erect posture and gait—when the 
temporal muscle was still very large and 
the brain-case relatively small. 

Now let me refer to the evidence of the 
thigh bone and pelvis. Several specimens 
of the thigh bone of the South African 
fossils are now known and have been 
studied in considerable detail. A simple 
inspection is enough to show that the 
lower end of the bone (which helps to 
form the knee joint) is constructed quite 
differently from that of the modern 
anthropoid apes, and this has been con- 
firmed also by a statistical study of rela- 
tive measurements. In fact, it shows a 
pattern of anatomical features which is 
similar to that of hominids and which is 
evidently also related to an _ upright 
posture and gait. The three specimens 
of the pelvis so far discovered provide the 
final confirmation of this conclusion. 

This evidence is of particular im- 
portance, for there are certain anatomical 
features of the human bony pelvis which 
sharply distinguish it from all apes, and 
indeed, from all other mammals. To- 
gether, they represent an adaptation to 
the mechanical requirements of an erect 
posture, and they include (among other 
things) the great relative breadth of the 
iliac blade, the lengthening of the iliac 
crest for the more extensive attachment of 
the trunk muscles, the backward displace- 
ment of the area of attachment of certain 
muscles so that they can be effectively 
used in upright walking, the rotation and 
downward shifting of the joint through 
which the weight of the body is transferred 
from the spinal column to the lower limbs, 
the development of a very distinctive bony 
eminence marking the attachment of a 
powerful ligament which is required to 
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stabilise the hip joint in the erect position, 
and so forth. None of these features is 
found in combination—or, indeed, even 
singly—in the ape type of pelvis.1 Now, 
the remarkable fact is that the pelvic 
bones of the South African fossils all show 
every one of these features consistently ; 
in other words the pelvis is constructed 


2 


fundamentally on the hominid plan, and 
it seems that this can only mean one thing 
—that the pelvis was adapted to the 
requirements of an erect, bipedal posture 
and gait. On the other hand, they do 
show certain differences from the pelvic 
bones of Homo sapiens, and we do not 


1 This statement is based on comparisons made 
with a series of 87 pelvic bones of the modern 


large apes. 
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suppose therefore that in these ancient 
hominids the erect posture and gait had 
been perfected to the degree found in 
modern man. Indeed, it would be very 
surprising if this were the case, considering 
the very primitive characters which they 
still retained in their skull, jaws and brain. 
It is interesting to note, lastly, that the 


Above are shown outlines drawn to scale of the outer aspect of the right pelvic bone of (a) gorilla 
(b) chimpanzee and (c) orang. The position of the front margin of the area of contact with the sacrum 
on the inner aspect is indicated. Below are shown outlines (drawn to the same scale) of (1) a human 
pelvic bone and (2, 3 and 4) three specimens of the pelvic bone of the fossil Australopithecinae from 
South Africa. Note that in all essential features the Australopithecine bone conforms to the human 
pattern. On the other hand they contrast strongly with the apes (this has been confirmed by comparison 
with a series of 87 pelvic bones of the modern large apes). The outlines are shown at one-sixth natural size. 


anatomical evidence of bipedalism is 
entirely consistent with the geological 
evidence of the environment in which the 
Australopithecinae lived, for this evidence 
shows quite positively that they were not 
forest dwellers leading the type of arboreal 
existence for which the modern anthropoid 
apes are adapted—they lived in open 
country very similar to the veldt-lands of 
the Transvaal to-day. 
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I have referred to the Australopithecinae 
as hominids. And, indeed, on the criteria 
of their anatomical structure (and in spite 
of their small brain capacity) they must 
be included in the Hominidae, for the 
complex pattern of progressive features 
found in their skulls, jaws, teeth and limbs 
makes it quite clear that they were already 
well advanced along the direction of 
evolutionary development distinctive of 
the Hominidae as a zoological group—and 
quite opposite to the direction which was 
followed by the ape family in its evolu- 
tionary development. 

If the anatomical evidence for the 
hominid status of the Australopithecinae 
is so clear, you may wonder why there 
should have been any dispute about them. 
Apart from the fact that discoveries of 
fossil remains of the precursors of modern 
man always have (and probably always 
will) become the centre of animated 
argumentation, the reason no doubt is to 
be found in the fallacies which seem so 
difficult to avoid in controversies of this 
kind, and to some of which I have already 
referred. Thus, there is the fallacy in the 
assessment of zoological relationships of 
confusing characters of common inheri- 
tance (that is to say, characters which are 
common to two divergent evolutionary 
groups simply because they have been 
derived in the distant past from a common 
ancestry) with those of independent ac- 
quisition (that is to say, characters which 
are developed independently in each evolving 
group and thus serve to distinguish the 
one from the other), the fallacy of com- 
paring single characters as isolated ab- 
stractions instead of comparing integrated 
patterns of characters, the fallacy of relying 
on inadequate statistical methods, and the 
fallacy of confusing the zoological term 
‘hominid’ with the colloquial term 
‘human.’ This last fallacy has evidently 
led to a great deal of misunderstanding. 
The zoological classification of the South 
African fossils as one of the branches of the 
Hominidae must not, of course, be taken 
to imply that they were ‘ human,’ in the 
sense that this term is ordinarily used, for 
we have so far no evidence that they had 
any of the distinctively human attributes 
such as the faculty of speech or the ability 
to fabricate implements. In order to 


avoid confusion, they may (for the present, 
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at any rate) be appropriately referred to 
as representatives of the prehuman phase 
of hominid evolution. 

Could the Australopithecinae have been 
the evolutionary ancestors of later hominids 
—including Homo sapiens? It has been 
argued that this could not be so because 
they existed too late in time, for the 
geological evidence indicates that the 
individuals whose remains have been 
found in South Africa lived in the Early 
Pleistocene (that is to say, more or less 
contemporaneously with the larger-brained 
Pithecanthropus). But here we have exem- 
plified yet another common fallacy in 
discussions on human evolution—the as- 
sumption that particular fossils which 
have been discovered are necessarily the 
earliest representatives of the group to 
which they belong. As a _ zoological 
group, the Australopithecinae must surely 
have been in existence well before the 
Early Pleistocene, for we have evidence 
that already by that time they had become 
differentiated to form at least two different 
varieties, or even species. Thus it is 
clearly possible that the group as a whole may 
have provided the ancestral stock from 
which more advanced hominids were 
derived. Nevertheless, this suggestion of 
an ancestral relationship is, of course, only 
a provisional hypothesis for the present, 
seeing that the fossil record is still far too 
incomplete to demonstrate it with any 
degree of certainty. 

In one sense it might appear that the 
primitive characters of the Australo- 
pithecinae—such as the small brain and 
the large jaws—emphasise the closeness of 
man to the apes in their evolutionary 
relationship. But a more careful ap- 
praisal of the anatomy of these fossil 
creatures brings one to a rather different 
point of view, for it is now clear that, in 
spite of these primitive characters, they 
were already at that early time very 
different from apes in many fundamental 
hominid characters of the skull, teeth and 
limbs. And, from what we know of the 
rates of evolutionary change in general, 
this makes it certain that the line of 
hominid evolution must have become a 
separate and independent line at a much 
more remote time. In other words, if 
anything, the South African fossils empha- 
sise the extent of the divergence of the 


homil 
line o 
Th 
quest 
that 
becor 
ances 
very 
ape | 
have 
an al 
recor’ 
evolu 
prece 
Austi 
It is 
of mz 
the 
geolo 
of th 
had 1 
ters 
apes 
parti 
whos 
abun 
the 
whic 
pure 
conc 
diver 
one 
othe: 
But 


pres¢ 
true 
givel 
: the 
least 
that 
so— 
diffe 
coul 
a sh 
fact 
evid 
com 
: cruc 
It 
to g 
sort 
whic 
orig’ 
to p 
emr 
dray 


hominid line of evolution from the ape 
line of evolution. 

This brings us to one of the ultimate 
questions—how long ago do we suppose 
that the hominid line of evolution did 
become segregated from the presumed 
ancestral stock which also gave rise—in a 
very different direction—to the anthropoid 
ape family? We must admit that we 
have no factual evidence on which to base 
an answer to this question, for the fossil 
record of the earliest stages of hominid 
evolution which must presumably have 
preceded the stage represented by the 
Australopithecinae is completely blank. 
It is true that we have the fossil remains 
of many anthropoid apes that lived during 
the Miocene and Pliocene periods of 
geological time, and we know that some 
of these were generalised creatures which 
had not developed the specialised charac- 
ters which are distinctive of the modern 
apes as we know them to-day. This is 
particularly the case with the extinct apes 
whose remains have been found in such 
abundance as the result of the work of 
the British-Kenya Miocene Expedition 
which was begun in 1947. From the 
purely anatomical point of view they might 
conceivably have provided the basis for 
divergence of the two evolutionary lines— 
one leading to the modern apes and the 
other finally culminating in modern man. 
But this is conjecture—and must for the 
present remain conjecture. It is probably 
true to say that most anatomists who have 
given thought to the problem agree that 
the divergence must have occurred at 
least as far back as the Miocene period— 
that is, a matter of twenty million years or 
so—on the grounds that the anatomical 
differences between hominids and apes 
could hardly have become developed in 
a shorter period of geological time. The 
fact that this is, at the most, very indirect 
evidence only serves to emphasise our 
complete lack of direct evidence on this 
crucial problem. 

It has been my intention, in this lecture, 
to give only a very general survey of the 
sort of fossil evidence at present available 
which has a bearing on the evolutionary 
origin of our own species. I have tried 
to present this evidence objectively and to 
emphasise that, although it allows us to 
draw some very interesting conclusions, 
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it is still too scanty and fragmentary to 
complete the story with any degree of 
certainty. Indeed, even some of the 
rather general conclusions which I have 
presented to you must be accepted as no 
more than tentative and _ provisional 
interpretations which will require to be 
confirmed by the discovery of more 
extensive fossil material. The need for 
the greatest caution in the interpretation 
of isolated and fragmentary remains of 
unusual type which are assumed to be 
those of early man or of his evolutionary 
precursors has been made apparent to all 
by the recent exposure of the Piltdown 
forgery. This will perhaps go down in 
the history of archaeological discovery as 
the most elaborate forgery of its kind ever 
perpetrated. Indeed, it was its very 
elaborateness which led to the deception 
of so many eminent authorities for so long 
a time. But, almost as though it were a 
sort of inevitable compensatory mechan- 
ism, good may often come out of evil, and 
so it is in this case. For the investiga- 
tion of the Piltdown forgery has led to the 
development and perfection of a whole 
battery of techniques which will not only 
make it virtually impossible for anyone 
to repeat such a deception, but which will 
be of the greatest use in estimating the 
relative antiquity of genuine fossils. 
These techniques include such methods 
as fluorine analysis, microchemical tests, 
X-ray spectrography, crystallographic 
analysis, and the estimation of radio- 
activity. It is of particular interest to 
note that one or two of these tests have 
already confirmed the supposed antiquity 
of some of the isolated remains of prehis- 
toric man, and no doubt they will in time 
be applied to all those fossil relics whose 
antiquity may be in question. In this 
respect, therefore, the study of fossil man 
in the future can proceed on a much surer 
foundation of factual evidence and with a 
correspondingly lesser need for speculation. 

When we look back over past ages and 
try to visualise for ourselves the gradual 
emergence of humanity from the world of 
living creatures, we cannot help but be 
impressed with the supreme difficulties 
that our ancestors had to overcome during 
every stage of their evolutionary realisa- 
tion. There seems to be a tendency these 
days to depreciate the idea of ‘ struggle’ 
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in evolution, and to decry the well-known 
phrase ‘ struggle for existence.’ But the 
process of natural selection is by no means 
only a passive process so far as the indi- 
vidual is concerned—it must surely always 
involve a very large element of struggle. 
By this I do not necessarily mean actual 
physical conflict between one individual 
and another, or between one biological 
group and another. I mean, rather, the 
constant effort and striving needed to 
overcome all the hazards and dangers of 
an environment which, if not actually 
hostile, is essentially an unfriendly one. 
Our early palaeolithic ancestors in Europe, 
for example, must have had continually 
to struggle against odds of almost incred- 
ible difficulty—facing from day to day all 
the risks and uncertainties of the most 
primitive methods of foraging and hunting 
in their search for food, defending them- 
selves against the attacks of dangerous 


animals with stone weapons of only the 
crudest kind, contending at times with 
the most severe extremities of climate, and 
striving against all the many _ other 
vicissitudes and insecurities of their pre- 
carious existence. Yet they did win 
through. If Man survived the birth 
pangs of his own becoming in spite of all 
these odds, who will say that there is any 
crisis or danger of his own making which 
Man may not overcome? And, if the 
fate of all humanity seems to some of us 
now to be clouded in uncertainty, we can 
surely derive inspiration and courage for 
any trials of the future by contemplating the 
achievements of our forebears in the past. 

Finally, let me end this lecture by com- 
pleting the lines of Matthew Arnold which 
I started to quote earlier on :— 


* Man hath all that Nature hath, but more, 
And in that more lie all his hopes of good.’ 
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THE RELIEF OF PAIN 


At the Association’s Annual Meeting in Oxford, 1954, Section I (Physiology) devoted 
the morning of September 6 to the subject of the relief of pain. The President of the 
Section, Professor A. D. Macdonald, University of Manchester, delivered his presidential 
address on the relief of pain (see Advancement of Science, No. 42, p. 212) and he was 
followed by Dr. P. O. Wolff, Chief, Addiction-producing Drugs Section, World Health 
Organization, Geneva, who discussed present problems of drug addiction. The session 
ended with a contribution from Mr. J. B. Pennybacker, Radcliffe Infirmary, Oxford, 
reviewing the scope and limitations of surgery of the nervous system for the relief of 


painful states. 


The papers by Dr. Wolff and Mr. Pennybacker are printed below. 


SoME GENERAL VIEws ON Druc ADDICTION 
by 
Dr. P. O. Wolff 


To explain what is known in this field, with 
certainty or as a probability, would de- 
mand many hours and many lectures. 
Writing has been compared with an ice- 
berg: the part that shows above the 
surface is the portion that is published, but 
ten times as much lies below. In our case 
at least, this rhetorical ‘ ten times’ might 
well be a hundred times. I have therefore 
to ask for your indulgence if, in the short 
time at my disposal only a few general 
remarks can be made. 

Among the many terms used in different 
languages for the phenomenon here con- 
sidered, as far as they are known to me, the 
English ‘ addiction’ is more appropriate 
than those of other languages, for the Latin 
‘ addicere’ means submission or attach- 
ment to a master and this is completely 
correct, at least as far as the opiates are 
concerned, for when one speaks of addiction 
one is usually referring to the opiates. 

There is perhaps no other specific, 
autonomous clinical entity where exo- 
genous, endogenous, psychogenic and 
constitutional elements connected with 
personal motives and social consequences 
are entangled in the same way as in drug 
addiction. 

It has been said by Bacon that Truth is 
the daughter of Time and not of Authority. 
This is certainly true in the field of drug 
addiction, for despite the passing of some 
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eight decades since the first classical 
clinical description of drug addiction, not 
very much is yet known as to the dynamics 
of its development. There is even some 
doubt nowadays whether drug addiction 
is always a clinical entity. Juvenile drug 
addiction is considered rather as a symp- 
tom of a very complex situation of social 
relationships than as a clinical entity. But 
in this case also, drug addiction is a disease, 
a medical problem which requires treat- 
ment including a social approach, and— 
what is very important and frequently 
inadequate, if indeed carried out at all— 
close follow-up. The victim of a pharma- 
cological effect which is met by a respond- 
ing neuropathological or psychiatric pre- 
disposition, in brief: of psychological 
imbalance, should not prima facie be 
regarded as a criminal. Even certain acts, 
for instance, falsification of medical pre- 
scriptions, must in certain cases be con- 
sidered as a symptom of the disease, caused 
by an irresistible craving for the drug. 
This statement, however, is not intended 
to excuse drug peddling, even by an addict, 
for purposes of financial gain. I would 
even go so far as to say that the drug 
peddler should be treated as a potential 
murderer, acting with full insight into the 
nature of his crime. The non-criminal 
addict must be distinguished from the 
criminal category where the profit motive 
for the sale of drugs is to the fore. 

The basic symptoms of addiction, viz. the 
overpowering desire or need (compulsion) 
to continue taking the drug and to obtain 
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The Relief of Pain 


it by any means, the tendency to increase 
the dose, the psychological and sometimes 
physical dependence on the effects, are so 
well known that they do not call for further 
consideration here. The groups of addic- 
tive substances under inter-national control 
are the opiates, natural as well as synthetic 
compounds, cocaine and the resin of Can- 
nabis sativa L. However, for purposes of 
classification great difficulty arises from the 
fact that the symptoms referred to manifest 
themselves in the above groups in different 
ways and forms. 

Nevertheless, everybody working in this 
field, whether from the chemical, phar- 
macological, clinical, sociological or ad- 
ministrative standpoint, understands what 
is meant by treating them collectively, for 
instance in the international conventions 
for the control of the production, trade in 
narcotics, etc. Although their pharmaco- 
logical action and clinical effects are 
divergent, they all have one feature in 
common, viz. a state of periodic or chronic 
intoxication, detrimental to the individual 
and to society. Distinguished American 
research workers (N. B. Eddy, H. Isbell, 
A. Wikler and others) have insisted on this 
fact, as has the Expert Committee on 
Drugs Liable to Produce Addiction of the 
World Health Organization.?* This con- 
cept also falls into line very well with the 
Constitution of the World Health Organ- 
ization which defines health as ‘a state of 
complete physical, mental and social well- 
being,’ thus stressing the social aspect. 

Habit or habituation, however, is not a 
synonym for addiction, at least it should 
not be used as such, because a habit- 
forming drug is, or can be, taken repeatedly 
without the appearance of all the charac- 
teristic symptoms of addiction, and—a very 
important point—is, unlike an addiction- 
producing drug, not generally considered 
to be detrimental to the individual and to 
society.?% 

Many efforts have been made to insist 
on this differentiation, still very often 
without success. Frequently an attempt is 
made to classify the effect of such and such 
a drug as addiction, whereas only a habit 
is present, and, more often still, reference 
is made to a habit when, in fact, a danger- 
ous addiction has developed. 

Barbiturates, for example, are without 
doubt addiction-producing drugs, tobacco, 


on the contrary, may create a habit in 
certain persons whose individual neuro- 
logical formula reacts in a certain way, 
while other persons can interrupt its use 
without significant disturbances or even 
without the slightest trouble. A typical 
addiction-producing drug, however, must 
inevitably create an addiction in every 
person, without exception, when it has 
been long enough employed. ?° 

There is no doubt that experiments on 
animals must precede the clinical trials of 
a new substance. Unfortunately, in the 
field of drug addiction, pharmacological 
experiments on animals cannot replace 
observations made on man. In animals 
the most striking reaction produced can 
be entirely different from that arising in 
human beings. If morphine, for instance, 
had been first tried on cats, horses, cows, 
goats, sheep or pigs, it might have been 
classified originally as a powerful excitant. 

It would certainly be very dangerous 
to interpret the reactions of animals as 
psychological signs of addiction. It is 
known, for instance, that dogs under con- 
tinuous administration of morphine, peth- 
idine or other addiction-producing drugs 
will show some signs of anticipation or 
pleasure when they see the syringe, but 
any too obvious interpretation of this 
phenomenon would involve a great deal 
of very difficult psychological motivation 
in the dog, which is not only an intelligent 
animal, but which has the instinctive 
desire to please its human master.4® The 
dog may thus very well show behaviour 
patterns which are apparently based on 
physiological changes when in fact they 
are not. 

Tainter gives a striking example of 
how carefully observations on animals 
must be interpreted. On assaying digitalis 
intravenously in the pigeon, a strong 
emetic action is aroused which is regarded 
as atest. Unfortunately, in this experiment 
after a certain time the pigeons became so 
conditioned that they started to vomit on 
seeing the syringe. 

For a considerable time Seevers® has 
been making studies on 60 Rhesus monkey 
addicts, principally for the purpose of 
determining the suitability of the monkey 
as a screening animal for predicting lia- 
bility to addiction-producing drugs. He 
is trying to reproduce in the monkey all 
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the various facets of the problem that are 
seen in the human addict. Although the 
physical symptoms of withdrawal are 
quite different from those in man, Seevers 
has stated that he can reproduce in the 
monkey the total physical picture as seen 
in the human addict, although on with- 
drawal convulsions are seen which do not 
appear in man or dogs. Nevertheless, 
Seevers! is of the opinion that monkeys 
can be utilised for the accurate and 
definitive prediction of the capacity of an 
analgesic compound to induce tolerance 
and physical dependence in man. Pre- 
dictions regarding quantitative responses, 
however, can only be of a tentative nature. 

Dogs, nevertheless, according to Isbell,* 
are preferable to monkeys for work of this 
kind, not only for reasons of easy avail- 
ability and lower susceptibility to disease, 
but mainly because the reaction of the dog 
parallels the picture in man more exactly 
than does that of the monkey. Seevers is 
right when he states that no one has been 
able to reproduce in any species other than 
man the desire to return to a drug after 
having recovered from physical with- 
drawal. Therefore drug addiction is 
distinctly a human phenomenon. 

A carefully controlled psychological 
study has been made of a group of mor- 
phine-addicted chimpanzees ;12 during 
the period of administration of the drug 
they always preferred the banana to the 
syringe. However, during periods when 
the drug was withheld the chimpanzee 
had sufficient mental development to 
understand that the needle gave him relief 
from withdrawal symptoms. Having learnt 
this, he then preferred the syringe to food. 
In the case of his Rhesus monkey also—a 
much lower form than the chimpanzee— 
Seevers® observed during withdrawal an 
apparent desire for the drug. In spite of 
these observations, Seevers insists that 
basically he is not attempting to make 
psychological interpretations of what he 
sees in animals a basis for determining the 
addictive qualities of a drug. As concerns 
predicting what might occur in man, no 
psychological interpretation can be made 
of what the animal is thinking, nor can 
we be sure whether or not it actually has 
a craving for the drug. 

There are still great difficulties in ex- 
plaining the nature of acquired tolerance and 
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physical dependence as processes of biological 
adaptation to narcotic drugs. Recently, 
Seevers? has given an excellent survey of 
this question. These phenomena require 
essentially the same conditions for their 
appearance when narcotic substances are 
administered continuously—this is an 
important point—in optimal concentra- 
tion. The chemical structure of these drugs 
may be different, but their pharmaco- 
logical action must be similar. 

Tolerance is the gradual accustoming of 
the tissues to quantities of the narcotic 
substance concerned which otherwise 
would be toxic. One should avoid calling 
this process ‘ immunity ’ because no anti- 
bodies, or any specific antitoxic substances 
are formed in the serum of tolerant 
animals during addiction. Tolerance does 
not develop to all the effects of a sub- 
stance ; certain tissue structures (neuro- 
physiological mechanisms) retain some 
sensitivity to the drug. 

Physical dependence denotes the pres- 
ence of an acquired abnormal state wherein 
the regular administration of adequate 
amounts of a drug has, through previous 
prolonged use, become requisite to physio- 
logical equilibrium.? In a general way, it 
can be said that the degree of physical 
dependence parallels the development of 
acquired tolerance. 

The development and duration of these 
two phenomena depend on the chemical 
nature of the drug, the type of tissue in- 
volved, and the animal species.1! There 
is no proof thus far of a completely inde- 
pendent development of these phenomena 
in the central nervous system. The loss of 
tolerance corresponds to the elimination 
of morphine from the body. It is probably 
of the utmost significance for an under- 
standing of these two phenomena that the 
peak intensity of the abstinence syndrome 
occurs when, (a) tolerance has virtually 
been completely lost and when, (b) mor- 
phine has been almost completely elimin- 
ated from the body tissues as a whole. 

Some light has recently been thrown on 
the mechanism of tolerance by the action 
of N-allylnormorphine (nalorphine). As 
far as a theory can be outlined at this 
stage, nalorphine works by competing for 
the same tissue receptors as. morphine 
because, in addiction, it precipitates within 
a very few minutes after administration a 
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typical, strong abstinence syndrome which 
persists for an hour or two. - During this 
period even large doses of morphine have 
no effect. As the action of the nalorphine 
diminishes (presumably by detoxification), 
the abstinence picture vanishes, and this 
seems to indicate that morphine still avail- 
able in the organism again commences to 
exert its effect.* > 19 Mixtures of morphine 
and nalorphine, in varying proportions, 
retard the development of tolerance ; it 
seems permissible to interpret this fact 
in the sense that morphine can only act 
to the extent that the shorter-lived effect 
of nalorphine has decreased and then 
ceased. 

After all, we know ” 38 that the whole 
cerebrospinal axis—frontal lobe, sub-corti- 
cal areas and spinal cord—of animals with 
a highly developed brain is involved in 
the development of tolerance and physical 
dependence, which are difficult to demon- 
strate in lower mammals® whilst cold- 
blooded animals do not show them at all. 
Neuropathological investigations which 
are now under way may throw a clearer 
light on this question. 

From the chemical point of view, many 
attempts have been made to find out and 
to explain the metabolic fate of the nar- 
cotic drugs in the body. As regards toler- 
ance, an increased capacity of the organism 
to convert the drug into a substance having 
a variety of effects has been suggested, 
whilst physical dependence was explained 
as being due to the action of an excitant 


‘compound resulting from detoxication, 


and accumulating in the tissues. Later, 
Gross and Thompson! demonstrated that 
a large fraction of morphine was excreted 
as a conjugated compound and that, in 
comparison with non-tolerant animals, 
morphine-tolerant animals had a reduced 
capacity to excrete this bound form. 
Quantitatively, however, this fact could 
not explain tolerance. Very recently, 
L. A. Woods was able to identify morphine 
monoglucuronide as one of the principal 
conjugates in tolerant as well as in non- 
tolerant dogs.22 However, quantitative 
differences, between tolerant and non- 
tolerant dogs, in the urinary excretion of 
the bound forms, which exist during the 
first few months of tolerance, disappear 
later, so that such differences cannot be 
important for explaining tolerance. 


Also, recent investigations by Woods 
and Seevers’ furnish no basis for the con- 
cept that tolerance is related to any in- 
creased capacity of the body to detoxify 
morphine or to distribute it differentially. 
On extending this concept of some hypo- 
thetical detoxication product to the newer 
synthetic analgesics, the problem becomes 
still more complicated, because metha- 
done,!* as well as pethidine,!” are 
detoxified in vivo very rapidly and pre- 
sumably completely. 

In spite of the many attempts made, no 
convincing evidence has been found to ex- 
plain tolerance and physical dependence 
through the effect of hormones and tissue 
substances (adrenalin, histamine) or action 
on enzyme systems. Investigations made 
along these lines have not, at any rate so far, 
arrived at any clear or precise conclusion. 

The most acceptable explanation for the 
time being is the well-known ‘ dual action ’ 
hypothesis formulated by Tatum, Seevers 
and Collins.1* This describes tolerance as 
being an acquired resistance to the nar- 
cotic effects. On this basis, Seevers and 
Woods* 11 have presented recently an 
interpretation which postulates a biphasic 
action on the same cell, the internuncial 
neuron. It is thought that the drugs in 
question combine with receptors (more 
likely of two types), one of them located 
at or near the surface of the neuron 
(extracellular phase), and the other within 
the neuron (interacellular phase). This 
hypothesis, the details of which would take 
too long to explain here, seems to explain 
many known facts, and offers at least an 
excellent basis for further investigations. 

Withdrawal symptoms, however, have a 
strong psycho-pathological basis which 
should by no means be overlooked. They 
will not become manifest before physical 
dependency has become established. Dur- 
ing the last few years, the surprising 
observation has been made in clinical 
institutions of various countries, that in 
many cases withdrawal symptoms are 
relatively mild, much milder than in 
earlier years.24 But they can by no means 
be relieved with a placebo. 

There are experienced authors, for 
instance in the U.S.A., who are of the 
opinion that the seriousness of drug addic- 
tion and the intensity of withdrawal 
symptoms depend mainly on the daily 
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amount of the drug taken, and on the 
length of the period of addiction. Other 
equally experienced authors, e.g. in 
Central and Western Europe, do not agree 
with this view. The pharmacological 
process involved is not a simple one. There 
is no doubt that some addiction-producing 
drugs lead more quickly than others to a 
more serious type of addiction. But even 
that is not true in every individual case. 

In his presidential address Professor 
Macdonald has discussed the place of and 
the situation as regards thesynthetic analgesics 
with morphine-like effect. 

To-day, already five different chemical 
groups of such substances are known. 
Others will be developed in the future. 
I, for one, cannot believe that the goal 
aimed at, i.e. separation of the good 
properties (morphine taken as type) from 
the undesirable ones, will never be reached. 
On the contrary, developments within the 
last few years have shown that chemists 
and pharmacologists are on the track, a 
promising track. Strong analgesia must 
not necessarily be connected with addictive 
character, although some experienced re- 
search workers in this field hold this view. 
Without a reasonable degree of optimsim, 
no therapeutic progress will be achieved. 

It is an important task of the World 
Health Organization to decide, on the 
basis of the opinion of its corresponding 
Expert Committee, whether a new sub- 
stance is capable of producing addiction, 
or whether it is convertible into a drug of 
this nature. For arriving at its decisions, 
the Expert Committee has the results of 
chemical and pharmacological experi- 
ments as well as clinical observations at its 
disposal. Sometimes a decision becomes 
complicated, for instance, when converti- 
bility is possible but yields such small 
amounts of an addiction-producing drug 
that it is practically negligible. Therefore 
the Seventh World Health Assembly de- 
cided, on May 17 of this year, that a 
substance will be considered by the World 
Health Organization as ‘convertible’ 
when the ease of conversion and the yield 
obtained constitute a risk to public health, 
and that in cases where there is uncer- 
tainty as to whether a substance will fall 
under this definition, the substance will 
be considered as ‘ convertible ’ rather than 
as ‘ not convertible.’ 
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On this basis, some drugs of great 
importance for therapy (nalorphine, dex- 
tromethorphan) have been exempted from 
international control. 

Up to the present, all synthetic anal- 
gesics of these types have been addiction- 
producing. It is of particular importance 
that, in the interest of public health, such 
a classification be carried out with the 
least possible delay. There are certain 
misunderstandings among clinicians, 
namely statements that such and such a 
drug has not shown addiction-producing 
properties when used in a clinical ward 
on some hundreds of patients. These are 
certainly correct observations, and the 
same would be made if morphine had been 
used instead of the new synthetic analgesic. 
The main point to be clarified is not the 
effect on the psychologically normal clin- 
ical patient, where the drug is used accord- 
ing to strict medical indications for some 
relatively short period, but the effect when 
it is abused, when it is taken by an addict. 
So far all available evidence has indicated 
that any substance which will sustain an 
established addiction—i.e. will adequately 
replace the drug which has produced the 
addiction—must also be considered as 
capable of producing an addiction. This 
statement made by the Expert Committee 
on Drugs Liable to Produce Addiction of 
the World Health Organization?® is of 
fundamental importance. It is founded on 
the well-known phenomenon of cross- 
tolerance. Up to now every substance 
maintaining this so-called ‘secondary 
addiction ’ has been found also to produce 
primary addiction. 

At present pure morphinism, as known 
for decades, is found only rarely ; there 
are mostly mixed forms of morphinism 
and barbiturism which are judged still 
more dangerous and undesirable. This 
can probably be accounted for by scarcity 
of morphine, due to stricter national and 
international control. Barbiturism is a 
true form of addiction,* mostly observed 
with the shorter-acting compounds. 

As far as the prognosis of drug addiction 
is concerned, there is apparently a wide- 
spread misconception, based on a lack of 
knowledge concerning the clinical course 
of addiction. Unfortunately relapse is, or 
can be, an all too frequent part of the 
addiction picture. Many former addicts 
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remain the same emotionally disturbed 
persons they were before developing addic- 
tion. If the motives for taking drugs are 
not efficiently alleviated, relapse is quite 
predictable. This, however, is no reason 
for not trying to liberate the addict from 
his ailment, although the statistics are not 
too encouraging. Compare the position 
as regards other chronic diseases. Would 
it be ethically justifiable not to treat those 
suffering from them? The situation of 
drug addicts can reasonably be compared 
to that of such patients. 

How to deal with drug addiction is 
certainly one of the most difficult questions 
confronting us. The many problems which 
it offers can certainly not be unravelled by 
simple mechanical solutions. 

An isolated approach cannot be expected 
to further the solution of the problem, 
but by means of a combined approach 
from the pharmacological, clinical, mental 
health, sociological and legal angles, 
reinforced by the well-established inter- 
national co-operation in this field, we may 
justifiably hope to bring about an improve- 
ment in the situation. Even the economic 
and political aspects come into the picture, 
for instance the site of the opium-growing 
countries as a consequence of the limi- 
tation of opium production under the 
Protocol of the 1953 United Nations’ 
Opium Conference, and the progressive 
replacement of natural opium alkaloids, 
used in therapeutics, by synthetic drugs 
with morphine-like effect. 

The known effect of the resin of Can- 
nabis sativa L. (‘ marihuana’), I mean 
the general loss of sense of time to such 
an extent that minutes appear to be hours 
will not, I hope, have affected the audi- 
ence. 
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THE CONTRIBUTION OF SURGERY TO THE 
RELIEF OF PAIN 


by 
Mr. J. B. Pennybacker 


Tue problem of pain is as old as the human 
species, and before the dawn of history 
there were probably a few people in each 
primitive community who made the relief 
of pain their special concern. From these 
beginnings the profession of medicine 
gradually developed, and although the 
scope of their interests and activities has 
increased enormously, doctors have been 
battling with this problem of pain for 
centuries now. The measure of their suc- 
cess is the record of medical progress, 
because pain is usually a symptom of a 
disease process and as we learn what causes 
disease and how to treat it, so much 
pain may we be said to have conquered. 
Almost all of our ability to ease pain has 
progressed pari passu with our knowledge 
of anatomy, physiology and pathology, 
and there have been very few lucky shots, 
that is, empirical methods of dealing with 
pain. It is probably true that the first 
lesson learned by our distant forefathers 
in medicine was that rest was their greatest 
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ally in dealing with pain, and this is one 
of the first lessons learned by students of 
clinical medicine today. To prescribe 
rest for the whole body, or for a single 
member as in the case of a broken limb 
bone, is often adequate, if not very impres- 
sive treatment. But in some cases rest is 
not possible for physiological or other 
reasons : the movement of the lung over 
an inflamed pleura is painful each time 
we take a breath, but respiration must go 
on. It was to deal with such cases, and to 
assist in rest, that drugs were sought and 
discovered. 

Professor Macdonald in his Presidential 
Address to Section I has given us a good 
account of the modern trends in the use of 
drugs, and when we think of the vast 
quantities of drugs consumed every year, 
it is obvious that this is a most important 
aspect of therapeutics. Dr. Wolff has 
called attention to some of the dangers, 
and the risk of addiction is one of the 
limiting factors in our use of drugs. Drugs 
are best used to ease pain while natural 
reparative or healing processes are at work, 
or for pains which are not expected to last 
long, such as the pain attendant on surgical 
operations or manipulations. They are 
also used for the relief of pain due to 
diseases which we can recognise but in the 
present state of knowledge cannot cure, 
and such is the great problem of pain due 
to malignant disease. But there are many 
other painful diseases less dangerous to 
life, but for that very reason almost as 
serious because the patient may have to 
put up with the pain for many years. Such 
is the pain of osteoarthritis of the hip or 
spine, not fatal diseases, but causing untold 
misery over the years. 

In most of these states pain is only one 
manifestation of the disease. There are 
also signs that we can see or feel, abnor- 
malities of function which we can infer, or 
can demonstrate by indirect means such 
as radiography. It is in this field that 
surgery has contributed so much, and to 
mention only a few there are the pains of 
peptic ulcer, of renal or gall stones, of 
broken bones and joints which can usually 
be dealt with by modern surgery, and there 
are few of us who go through a lifetime 
without having cause to be grateful to the 
development of surgery. In general it 


has been with pain due to mechanical 
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disorders and inflammatory processes that 
surgery has been most successful. 

But there are left a number of painful 
states which still defy us. In many of these 
we can find no adequate cause for the pain, 
and all the clinical and accessory aids 
to diagnosis which we have at our dis- 
posal fail to indicate a cause. Such are 
some types of headache, backache, facial 
neuralgia, post-herpetic neuralgia, painful 
amputation stumps or phantom limbs, 
and causalgia following peripheral nerve 
injuries. The inherent difficulty with these 
cases is that pain is an entirely subjective 
phenomenon—only the sufferer can know 
exactly where and how severe his pain is. 
We have no way of measuring it or of 
recording our progress in dealing with it 
except in very crude ways. True, the 
patient may look worn, he may become 
flushed or pale during a spasm of pain, he 
may break out in a sweat, but much more 
often there is none of this and the doctor 
has to rely on verbal description. Our 
assessment of the severity of pain may thus 
be largely determined by the patient’s 
eloquence. This is where the art of 
medicine comes in because the good doctor 
gets to know something of how much his 
patient is suffering by getting to know his 
patient. The student of clinical medicine 
soon learns that people vary enormously 
in their ability to tolerate pain : what is 
prostrating for one person may be mere 
discomfort for another. 

As it is with the nervous system that we 
feel pain, there were great hopes that with 
our expanding knowledge of the anatomy 
and physiology of the nervous system and 
the development of neurological surgery, 
many of these so far intractable pains 
could be relieved. Those hopes have been 
only partially fulfilled. We know a good 
deal about the pain pathway—there are 
peripheral end-organs in the skin, bones, 
joints and viscera which receive thestimulus, 
and it is transmitted along sensory nerves 
to the posterior root ganglia, thence by the 
posterior roots to special and well-defined 
tracts in the spinal cord, to the thalamus, 
whence there are complicated connections 
with the cerebral cortex. Every part of 
this pathway has been the subject of much 
study and many attempts to relieve pain, 
and I propose to give a brief summary of 
the present position of this kind of surgery, 
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of the usefulness and disadvantages of the 
various procedures. 

Section of peripheral nerves has on the 
whole a limited application. The small 
sensory nerves soon join with motor com- 
ponents to form a mixed nerve and section 
of this induces some muscular paralysis as 
well as anaesthesia. The distribution of 
sensory nerves varies considerably, and 
there is a good deal of overlap in their 
distribution. This means that it is usually 
necessary to divide one of these large mixed 
nerves to obtain the anaesthesia desired, 
and indeed several nerves may have to be 
divided. In the case of a painful upper 
limb for instance, the limb may have to 
be almost completely paralysed to attain 
anaesthesia and relief of pain. This may 
occasionally be justifiable in cases of malig- 
nant disease, but not often is this so. 

The next level of attack was at the 
posterior roots, between the ganglia and 
the spinal cord. The operation of posterior 
rhizotomy was first performed by Bennett 
in 1888 for a painful phantom limb, but 
it is usually associated with the name of 
Foerster who, in 1911, advocated it in the 
treatment of the gastric crises of tabes 
dorsalis. This operation is still done 
occasionally and it has the advantage over 
peripheral nerve operations that the motor 
functions are not disturbed, as the pos- 
terior roots contain only sensory fibres. 
The problem of overlap persists, however, 
and even for comparatively localised pain 
two or more roots have to be sacrificed. 
I have mentioned the pain of osteoarth- 
ritis of the hip. Some years ago Von Reis 
showed that the sensory innervation of the 
hip joint is largely by way of the fourth 
lumbar root, and it was hoped that 
section of this root would ease the painful 
joint. Olivecrona subsequently reported 
having performed this operation in 45 
patients : almost all of them got immedi- 
ate relief but within a few months the pain 
was as bad as ever, and further section of 
the third and fifth lumbar roots would not 
prevent its recurrence. This operation has 
thus been largely abandoned. 

In the case of extensive limb pain, sensory 
denervation has the drawback of render- 
ing the limb ataxic: the loss of proprio- 
ceptive responses from the muscles, tendons 
and joints means that the patient has no 
knowledge of the position of the limb in 


space, and even though he can move it, 
the movements are jerky and uncontrolled, 
to the point where an arm may be of no 
use to him and a leg may be of little use 
in walking. Moreover, total sensory de- 
nervation often induces trophic changes in 
the skin ; the patient may burn himself 
without knowing it, or develop ulcers 
which are slow to heal. Thus posterior 
rhizotomy has a limited usefulness and on 
the whole is more applicable in the trunk 
region than in the limbs. 

But there is one field in which posterior 
root section has been a major triumph and 
that is in the treatment of tic douloureux 
or trigeminal neuralgia. This is probably 
the most severe pain which afflicts human 
beings: it has been said that renal colic 
is the most severe, but I have had a patient 
who had the misfortune to have suffered 
from both and he said that the renal colic 
was nothing to be compared with the 
trigeminal pain. This is a paroxysmal 
pain confined to the trigeminal distribu- 
tion in the face and scalp: the nerve has 
three branches and the pain may be con- 
fined to the distribution of one or two, or 
it may affect all three. We do not know 
the cause of it, and usually no organic 
disease is associated with it. The patient 
may go on suffering with it for 30 to 40 
years and at no time is there any objective 
evidence of dysfunction of the trigeminal 
nerve. Fothergill wrote the first account 
of this affection in 1781, and although 
Charles Bell’s studies made it clear that 
it was the trigeminal nerve which was 
involved, the movements of the face 
associated with an attack directed atten- 
tion to the seventh nerve and for many 
years attempts were made to cure the 
condition by stretching or cutting the 
seventh nerve. Towards the end of the 
last century peripheral avulsions were 
done where the branches of the fifth nerve 
emerged in the face and this provided 
temporary relief, but the nerves regener- 
ated and the pain recurred. In 1892 
Hartley in New York and four years later 
Krause in Vienna developed indepen- 
dently an operation for the removal of the 
Gasserian ganglion. Victor Horsley had 
in fact described the operation in 1891, 
but his patient died, and the operation of 
excision of the ganglion continued to have 
a high mortality. In 1901 Spiller suggested 
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that the same effect would be produced by 
section of the root behind the ganglion, 
and this is the operation which is done 
today. It will relieve the paroxysms of 
pain permanently, but it has the disad- 
vantage of other rhizotomies in that the 
face is left numb and there is a risk of 
trophic ulceration, especially of the cornea. 
These latter risks have been considerably 
lessened by recent refinements of tech- 
nique. 

To pass now to the spinal cord : when 
it was shown that the majority of painful 
impulses, along with those of thermal 
sensibility, were carried in the spino- 
thalamic tract in the anterolateral column 
of the cord, it was hoped that section of 
this tract would relieve pain without 
rendering the part completely anaesthetic 
or disturbing motor function. The physio- 
logical result of such a section is to abolish 
perception of painful and thermal stimuli 
from the skin while leaving perception of 
light touch unimpaired as also the sensa- 
tions from muscles, joints and tendons. 
Theoretically this should be a very good 
operation, especially for pain confined to 
one side of the trunk or one lower limb. 
The spinothalmic tract crosses in the cord 
several segments higher than their level of 
entry, and this means that the fibres from 
the upper limb have often not crossed com- 
pletely until the level of the medulla has 
been reached. The tract is still accessible 
for section in the medulla, however, but it 
is rather more of a business cutting it and 
it alone, although in practised hands this 
is feasible. 

The operation of cordotomy, or division 
of the spino-thalamic tract, has been prac- 
tised since 1911. It is still often performed, 
but it has not been the panacea that we 
hoped for. Our own experience has been 
largely confined to the pain of osteo- 
arthritis of the hip, phantom Jimbs and 
to malignant disease of the spine or pelvis 
causing pain in the pelvis and lower 
limbs. As with the rhizotomy already 
mentioned, it may relieve hip pain for a 
few months but then the pain recurs and 
it is as bad as ever, despite the fact that 
the physiological effect of the operation is 
unchanged. It may relieve some of the 
pain of malignant disease referred to the 
pelvis and lower limb, but it has been a 
frequent experience that when the patient 
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has had pain strictly confined to one 
lower limb before operation, he will tell 
us that this pain has been relieved by the 
operation, but that it is beginning in the 
other leg within two or three days of 
the operation, and in such cases section of 
the remaining spino-thalamic tract is rarely 
as effective as the first. It may thus be 
that not all of the painful impulses travel 
in the spino-thalamic tract and this is 
probably why the operation is not uni- 
formly effective. Our results with phan- 
tom limb pain have likewise not been 
encouraging—sometimes there is relief but 
more often there is no change, or a recur- 
rence of pain after an initial period of 
relief. I should say, however, that some 
neurological surgeons report very high 
success rates from cordotomy and they 
suggest that many of the failures are due 
to incomplete section of the tract. But this 
clearly does not explain all the failures, 
and most of the published reports empha- 
sise the inconstancy of the results, to the 
point where the operation has been dis- 
carded in some clinics. In our own clinic 
we still regard it as having a limited use- 
fulness. 

The next level of attack and the most 
recent, is the great sensory nucleus at the 
base of the brain, the optic thalamus. 
Although much is known about the 
structure and connections of this very 
complicated bit of our anatomy, we know 
much less about the part it plays in sensory 
perception. As the terminus of ascending 
sensory pathways, it was a logical point of 
attack, and in recent years a good deal 
has been done in the production of small 
focal lesions in the thalamus by stereo- 
tactic methods. There is much interest 


in this at present in France, Germany, 


Sweden and America, but I have no first- 
hand experience of it. It has been used 
for the diffuse pain associated with thal- 
amic hemiplegia, for facial neuralgia 
which has defied other methods of treat- 
ment and for pain in the head and neck 
due to malignant disease. It seems that, 
as with other procedures, it is sometimes 
effective and sometimes not. 

More accessible than the thalamus of 
course is the sensory cortex of the brain, 
of which we know a good deal about the 
topography, and the representation of dif- 
ferent parts of the body can be determined 
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by stimulation of the cortex when it is 
exposed at operation. As the cortex 
subserves the highest level of sensory per- 
ception, it might be hoped that excision of 
the relevant cortical area would relieve 
pain, even though such an operation would 
sacrifice a good deal of ordinary sensation 
as well. This operation has been tried in 
cases of phantom limb pain and in a few 
cases it has been effective, but in more it 
has failed. We know, too, that patients, 
who have had a total ablation of the cortex 
and white matter down to the level of the 
thalamus, can still feel pain in the opposite 
side of the body and the quality of the 
pain seems little different from the pre- 
operative state. 

What I hope has impressed you in this 
account is the lack of uniformity or con- 
stancy in the results of these various pro- 
cedures. In comparable cases, one or the 
other of the operations I have mentioned 
may be effective in one case and a total 
failure in another. Or it may succeed for 
a time, and then the pain recurs. In some 
of these cases, total denervation does not 
abolish the pain and such are often spoken 
of as cases of ‘ central pain.’ Some people 
with causalgia, a phantom leg, or a pain- 
ful amputation stump will continue to 
have their pain even with a total spinal 
anaesthetic, and some patients with post- 
herpetic neuralgia in the face have their 
same pain after the sensory root of the 
fifth nerve has been completely divided. 
In these cases we are often driven to the 
conclusion that the pain is determined by 
psychological factors, although only rarely 
is it possible to identify these factors or to 
adjust them to the patient’s benefit. This 
concept has been the subject of much study 
in the past 10 to 15 years. In 1941 Free- 
man and Watts advocated the operation 
of frontal leucotomy for the relief of this 
sort of pain. Their thesis was that, although 
no known pain pathways are divided in 
the operation, the patient’s mental re- 
action to the pain would be modified. This, 
indeed is what often happens. A patient 
who is in misery and having to have large 
doses of drugs before operation may 
become placid and apparently contented. 
He looks better, his appetite improves, and 
the need for drugs ceases. Yet when asked 
if he has pain, he says, ‘ Oh yes, it’s just 
as bad as before the operation, but I don’t 


bother about it.’ Unfortunately the price 
he pays for this state is that he doesn’t 
bother about anything very much, and 
many physicians and surgeons feel that the 
sacrifice of intellect and personality in a 
subject sufficiently leucotomised to relieve 
pain is too great to be justifiable. There 
are continuing efforts to produce smaller 
lesions in the frontal lobes which may be 
as effective in relieving pain without pro- 
ducing so much mental deficit, and 
Grantham and Spurling in Louisville have 
recently had some encouraging results by 
focal subcortical electro-coagulation of the 
infero-medial quadrant. In a discussion 
on this method of treatment, one speaker 
summarised his views on leucotomy for 
the relief of pain by saying that the effect 
of this operation, however done, was to 
make a good sufferer out of a poor one. It 
is clearly not the answer, but I think 
equally clearly there are some cases in 
which the operation is justifiable to ease 
the last few weeks or months of a patient’s 
life, not only for the patient’s sake, but 
also for the relatives who have to watch 
and suffer as well. 

You will see that this is not a record of 
progressive triumphs, but you wil] also 
see that each procedure that I have men- 
tioned has contributed something in some 
cases, and by so much has lessened the 
amount of pain we have to bear. Clearly 
we are winning, but the problem will 
always be with us in one form or another. 
We are now facing the challenge of an 
ageing population—people are living 
longer, and old age and infirmity bring 
pains which have their own difficulties, 
not least in the mental sphere because 
these patients may be unable to do any- 
thing to distract their attention from their 
pain, because of blindness, deafness and 
other physical infirmities. Even apart 
from this, pain is a part of our life : if the 
skies were never clouded, we wouldn’t 
appreciate the sunshine and if we never 
had pain we wouldn’t know how fortunate 
we are when we are free of it. Neverthe- 
less, we are not so close to the infinite 
that we can slacken our efforts. I can as- 
sure you that a great deal is being done all 
over the world to further our knowledge of 
methods to relieve pain. Indeed, there has 
never been a time when so much was being 
done. In America and some places on the 
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Continent there are pain clinics and doctors 
who specialise in pain. Although such 
clinics would never be short of material, 
I doubt whether this is the right approach. 
Pain is not one problem but many, with 
as many aspects as there are pathological 
processes and personalities. I would 
imagine that a doctor specialising in pain 
would have his interest focussed on the 
symptom rather than the disease, and there 
is still much that we don’t know about 
disease. In conclusion I should tell you 
the story of a pain which is commoner than 
any of the ones I have mentioned, and 
there are thousands of people in this 
country suffering from it to-day. That is 
sciatica. This is an ancient affection 
which can cause untold misery and disa- 
bility. Very clearly the pain was referred 
to the distribution of the sciatic nerve, and 
hundreds of methods of treatment directed 
to the nerve have had their fleeting vogue. 
The number of different treatments was a 
token of their lack of success and this went 
on up until 22 years ago, when two Boston 
surgeons showed that this was not an 
affection of the sciatic nerve at all but was 
due to compression of one of the roots of 
the sciatic nerve by a rupture of the inter- 
vertebral disc. For the first time we had 
a satisfactory pathological explanation for 
the pain and a certain method of curing it. 
This was not a small lesion which we 
might have missed if we had been looking 
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for it: for centuries we had been looking 
in the wrong place. Whenever we get 
despondent about the problem of pain, we 
may hope that there are other as benign 
and simple lesions which some of us may 
have the good fortune to recognise. 
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CORRESPONDING SOCIETIES 
OXFORD, 1954 


Tue Assembly began its session on Thursday, 
September 2, when, in the Dyson Perrins 
Laboratory, Dr. C. B. Williams, F.R.S. (Chief 
Entomologist, Rothamstead Experimental Sta- 
tion) delivered his Presidential Address on 
Phenology, the study of the seasons. Dr. Williams 
paid tribute to the fundamental observational 
work of Gilbert White and of Robert Marsham 
of Hevingham, Norfolk, who started in 1736 to 
record the dates of the spring developments 
and appearances of plants, birds, frogs and 
insects. With one short gap, these observa- 
tions have been maintained by the Marsham 
family and others up to the present day. Dr. 
Williams discussed the relevance and statistical 
value of many of these data and analysed the 
desiderata of similar work to show how the 
members of natural history societies, or the 
independent amateur, could best advance 
scientific knowledge. 

After the Presidential Address, Dr. P. V. 
Cardon, Director-General of the Food and 
Agricultural Organisation, Rome, spoke of the 
methods and results of the Organisation and 
its place in the development of governmental 
programmes, particularly in those countries 
that suffered most from the ravages of war, of 
enemy occupation, and of those in which the 
needs of a growing population created special 
difficulties. 

In the morning session of Friday, Dr. Bruce 
Campbell (British Trust for Ornithology) dealt 
with the application and scope of co-operative 
methods of field studies in Biology. Later, 
Peter Opie described the collection of informa- 
tion in a very different field, that of folklore and 
children. Here he had the immediate help of 
his audience, for many members were able to 
supply him with relevant folklore facts or 
anecdotes. 

On the Friday afternoon, forty-one members 
took part inan excursion to the Rollright Stones, 
those relics of pre-history and legend, to the 
Windrush Valley and surrounding district where 
typical Cotswold scenery could be enjoyed. 

On the Sunday a much larger party, num- 
bering 150, visited Blenheim Palace and its 
beautiful grounds, which were originally laid 
out by Capability Brown. 

The session on Monday opened with Dr. 
A. C. Crombie discussing the place of Oxford 
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in the early development of science, with par- 
ticular reference to the advances of the seven- 
teenth century. Mr. F. I. G. Rawlins (of the 
National Gallery and also Secretary-General of 
the International Institute for the Conservation 
of Museum Objects) dealt with the application 
of modern physical and chemical methods in 
the preparation and preservation of many kinds 
of museum and art gallery materials. Much of 
Mr. Rawlins’ methods was illustrated by the 
work that had to be done on material stored 
during war time in caves and underground 
shelters, and this led to the stressing of the need 
for air-conditioning in galleries of national 
importance. 

On the Monday afternoon, Dr. Josten (Cura- 
tor of the Museum) and Dr. Crombie conducted 
members over the Museum of the History of 
Science. Much interest was shown in the ex- 
cellent collection of early microscopes and 
astrolabes. 

On Tuesday morning, a large audience 
listened to Cyril Newberry describing the de- 
velopment of bird photography and the con- 
tribution it can make to the serious study of 
Ornithology. Mr. Newberry gave demonstra- 
tions of some of his methods, and his talk was 
designed to give help to the amateur interested 
in this field. He was succeeded by Miss Thora 
James (Gaumont-British Instructional Films), 
who showed extracts from several films of value 
to research workers in both pure and applied 
science. 

Forty members went on to the Sectional 
luncheon, held in Halifax House. 

After lunch, Commander Peter Scott de- 
lighted a large audience with his film on the 
Pink-footed Goose and his description of the 
trials and triumphs of methods of making a 
population study of this goose in Iceland and 
Scotland. Dr. Tinbergen continued the session 
with his studies of a colony of herring gull and 
described the complex activity that accompanies 
courtship and breeding in these birds. 

At the final meeting, on Wednesday morning, 
Mr. J. M. Edmonds of the Department of 
Geology, gave a historical account of John 
Phillips (Professor of Geology at Oxford from 
1854 to 1874), who, as geologist, author and 
staunch supporter of the British Association, 
merited remembrance on this occasion. 
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WHALES AND WHALING 


Section D (Zoology) devoted the afternoon of September 2, 1954, at Oxford, to a dis- 
cussion on Whales and Whaling. Mr. Robert Clarke of the National Institute of Oceano- 
graphy discussed the condition of the world stock of whales under the pressure of modern 
whaling. His paper is printed below. Other invited contributions came from Mr. S. G. 
Brown, National Institute of Oceanography, and Dr. F. C. Fraser of the British Museum 
(Natural History). Mr. Brown’s paper on Whale-marking and the movements of whales gave 
an account of the methods and results of whale-marking, with special reference to the 
migrations and movements of whales in Antarctic waters. Dr. Fraser, in a paper 
entitled Cetaceans as living animals, gave a brief summary of recent work on the Cetacean’s 


appreciation of its environment. 


WHALING AND THE STOCKS OF WHALES 
by 
Robert Clarke 


In the modern world the role of man as 
hunter survives only in the exploitation 
of the sea, by fishing and sealing and 
whaling. These are adventurous occupa- 
tions, but it is in whaling that the pro- 
tagonists, the hunter and the hunted, are 
most powerfully and boldly engaged, and 
so it is not surprising that whaling has been 
a good deal publicised and that most 
people know something about the work of 
whalecatchers and factory ships. This 
work, conducted for the most part in 
remote and ice-strewn seas, is engrossing 
enough, but today I am more concerned 
with the relation of whaling to those 
stocks of whales which it exploits on such 
a vast and highly mechanised scale. 

The scale and importance of modern 
whaling can be judged from the latest 
complete figures available, those for 1952. 
Whale oil, as in past centuries, is still the 
most valuable product of the whale, and 
in 1952 the world produced 484,498 tons 
which was 5:2 per cent. of the world 
production of all edible fats, as vegetable 
oils, butter, tallow and lard. Since 5:2 
per cent. may seem no great fraction of the 
whole, and since a good deal of whale oil 
is nowadays converted into margarine, I 
may add that the whale oil produced was 
equal to more than a third of the total 
butter production in that year. In 1952, 


besides whale oil, the industry produced 
113,869 tons of by-products, including 
frozen whalemeat and meat extracts, 
meat meal, bone meal and guano, liver 


‘meal and liver oil and vitamin extracts. 


All this oil and by-products, amounting to 
more than half a million tons of com- 
modities, came from a world catch of 
49,752 whales. The whaling material 
responsible comprised 49 shore stations 
and 24 floating factories, which together 
operated 430 whalecatchers, many of 
them vessels of around 470 tons gross 
tonnage. Most of the whales were killed 
by 20 Antarctic expeditions operating on 
the high seas or against the southern pack- 
ice. These floating factories, and the 
three shore stations on the sub-Antarctic 
island of South Georgia, accounted for 
85-3 per cent. of the 1952 oil production. 
But whaling is not confined to the Ant- 
arctic, although conducted there on the 
largest scale. Whaling is widespread. 
Forty-six of the 49 shore stations operating 
in 1952 were scattered along the coasts of 
all the oceans in temperate and tropical 
seas and northwards to the Arctic. 

You must wonder how the stocks of 
whalesare faring under this kind of taxation, 
especially since I have no need to remind 
you that the past of whaling, now centuries 
old, has been a sad record of overfishing, 
of Arctic Right whales in the north, of 
Black Right whales north and south, and 
of Pacific Grey whales in the lagoons of 
California. Fortunately, whaling today 
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Whales and Whaling 


is almost everywhere a regulated industry. 
Conservation measures began in the Ant- 
arctic in the nineteen thirties. Since the 
Second World War regulation has been 
vested in the International Whaling Con- 
mission established by a Convention held 
in Washington in 1946. Most govern- 
ments whose nationals engage in whaling 
are represented on the Commission which 
provides for the regulation of whaling in 
all parts of the world, although a good deal 
of its legislation refers to the seas south of 
40° S. because of the overwhelming im- 
portance of the Antarctic grounds. 

Whaling regulations arise from the con- 
viction that unrestricted slaughter of the 
stocks will lead to their eventual extinction 
and so deny to future generations a great 
natural resource in the sea. This may 
seem self-evident, but the idea has not 
been without its opponents. These argue 
that the whale species which were brought 
to the verge of extinction by the end of the 
nineteenth century, the Arctic Right whale 
and the Black Right whale, were hunted 
by cheap and simple means, so that the 
sailing vessels, which lowered poorly-paid 
crews to fasten with the hand harpoon, 
could afford to keep at sea although they 
might take only one or two whales in a 
voyage on the heavily depleted grounds. 
These were the ventures, continue the 
critics, which by their very modesty could 
lead to extinction of the whale stocks, and 
they should be contrasted with the ventures 
of modern whaling, where the overheads 
alone of a single Antarctic expedition for a 
single season amount to one and a half 
million pounds. ‘The argument concludes 
that the whale stocks today require no 
safeguard because unrestricted fishing of 
a decreasing stock would become un- 
economical and cease on its own account 
before there were any danger of the whale 
population becoming extinct. 

This argument seems at first sight to be 
supported by the fortunes of tropical 
steam whaling for Humpback whales, so 
that these should in fairness be examined. 
Afterwards, by following the shore fishery 
for Humpbacks into the Antarctic, I will 
show the unwisdom of the argument for 
unrestricted fishing. Humpback whaling 
with the steam whalecatcher and grenade 
harpoon began off the Congo and off 
Western Australia in 1912. From that 


date until two years ago each region has 
had a rather similar history. There have 
been four periods of whaling, each separ- 
ated by a gap of about 6-11 years, 1912-16, 
1922-28, 1934-38, and the years after 
1949. Except for the Australian whaling 
of 1922-28, which exploited the whales 
modestly and maintained good catches, 
the periods on both grounds enjoyed good 
whaling, as measured by the catch of whales 
per whalecatcher, during the first years ; 
then more whalecatchers were put into the 
field and the catch of whales per catcher 
fell sharply, so that the fishery had to be 
abandoned and left to the years of re- 
covery. But the fortunes of the fourth 
and latest period have been significantly 
different in the two regions. Whaling off 
the Congo followed the pattern of the 
earlier ventures. The catch per whale- 
catcher fell from 201 whales in 1950 to 
only 38 in 1952, and in that year the 
whaling was again terminated. But the 
Australian government, appreciating that 
the peak catches of about 3,000 whales per 
annum in the earlier periods had been too 
great, now restrict the annual catch of 
Humpbacks from West Australia to 1,250. 
So far the result has been that the whaling 
there continues profitably. 

In these contrasted histories of tropical 
Humpback whaling is seen the first ob- 
jection to the argument for unrestricted 
fishing. It would seem more sensible to 
whale continuously on a controlled scale 
than to venture heavy capital outlay on 
intermittent periods of wholesale slaughter. 

The second objection to unrestricted 
fishing is a fundamental one, which has 
particular application to the Antarctic 
field where the main stocks of whales are 
found. It is that the experiment of un- 
restricted fishing would be dangerous in 
the extreme, because we know that the 
wild populations of certain animals can 
be depleted to a point which is short of 
extermination but where natural increase 
cannot take place, that there is a minimum 
population necessary for successful breed- 
ing and recovery. ‘There is no reason why 
this should not apply to whales. 

You will say that the stocks of Hump- 
backs have not been reduced to this extent 
in the tropics, because they have so far 
been able to recover from periods of over- 
fishing. Now whaling off the Congo and 
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off West Australia depends on a single 
species, the Humpback whale. (It is true 
that some Sei whales are also taken off the 
Congo, but these are not valuable enough 
to maintain the industry.) But if we now 
turn to the Antarctic, we find that in the 
southern summer the main world stocks of 
the three species most valuable to the 
whaling industry are disposed there. 
These are the Blue whale, which can reach 
a length of 100 ft. and a weight of at least 
120 tons, and is the largest animal ever 
known to exist on this earth, the Fin 
whale, which is somewhat smaller, and 
the Humpback, which is smaller still, 
reaching only 50 ft. in length, but a profit- 
able whale, yielding much oil in propor- 
tion to its size. If we look at the early 
fortunes of Antarctic whaling, these will 
show what can happen to the species 
most easily caught, the Humpback whale, 
when it is one of three species, all valuable 
to the whalers. 

Modern whaling began in the eighteen 
sixties when the Norwegian sealing cap- 
tain, Svend Foyn, developed a method of 
hunting the great rorquals, including the 
Blue and Fin whales, which swim too fast 
for pursuit from open boats with hand 
harpoons. He successfully employed a 
cannon firing a grenade harpoon mounted 
on the fo’c’sle of a steam vessel. His 
methods revolutionised whaling and re- 
main unaltered in their essentials to this 
day. A growing scarcity of whales in the 
Arctic and Norwegian seas, and hostile 
legislation designed to protect the Nor- 
wegian cod fishermen, caused the new 
whalers to look to the southward, and in 
1904 the first southern steam whaling 
station was established at Grytviken in 
South Georgia. This station, now in its 
fiftieth year, is still operating. The whalers 
in 1904 found an abundance of Hump- 
back whales, and in their first season the 
single whalecatcher took 180 whales. 
Further catchers were introduced, and the 
South Georgia Humpback fishery reached 
its maximum in 1910-11 with 326 whales 
per catcher. Thereafter it rapidly declined 
and in 1917-18 had fallen to only 60 
whales per catcher. The whaling at 
South Georgia did not end, however, as it 
would have done off the Congo and off 
West Australia. Instead the whalers were 
already turning their attention to the 
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faster, but bigger, Blue and Fin whales. 
These now bore the burden of exploitation. 
But Humpback whales were still taken 
when the whalers chanced on them, so 
there has never been any chance for the 
Humpback whales to recover at South 
Georgia. Humpback catches have re- 
mained insignificant to this day. 

It is clear that in the Antarctic one 
should not argue that the economics of 
modern whaling can themselves save the 
stocks of whales in spite of unrestricted 
fishing. And the story of overfishing at 
South Georgia does not end with Hump- 
backs. Blue whales were the next to be 
depleted. A few figures will suffice to 
show this, when you remember that the 
Blue whale is the most valuable of all 
whales. The South Georgia catch of this 
species reached its maximum in 1926-27 
with 3,689 whales. In 1951-52 only 6 
Blue whales were taken at South Georgia. 
Whaling there is now a Fin whale business, 
with the smaller Sei whale contributing 
towards the end of the season. 

South Georgia has for many years been 
of minor importance in Antarctic whaling. 
In 1951-52, for instance, it took only 7-6 
per cent. of the Antarctic catch of 35,237 
whales ; all the great remainder came 
from factory ships working the circum- 
polar seas. I must now consider the rise 
of this pelagic whaling in the years before 
the Second World War, since it was anxiety 
for the stocks of whales exploited by the 
factory ships which led to the whaling 
regulations of the 1930’s and especially 
prompted the formation after the war of 
the International Whaling Commission. 

The first factory ships in the Antarctic 
did not work on the high seas, but in 
sheltered bays of the Antarctic islands, or 
at most in the calm of the ice-locked Ross 
Sea. These ships were really mobile 
shore stations. The old Admiralen was the 
first, operating in the Falkland Islands in 
1905-06 and later at the South Shetlands. 
Others quickly followed. The years be- 
tween 1906 and 1927 saw the heyday of 
factory ship whaling in South Georgia, the 
South Orkneys and especially the South 
Shetlands. But these vessels could not 
get the captured whales on deck for cutting- 
up. The blubber was stripped off along- 
side and the flensed carcases abandoned. 
This was not only wasteful since the factory 
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ships, unlike the shore stations, could not 
use the meat and bone: it also needed 
calm conditions and meant that the float- 
ing factories had no freedom to operate on 
the high seas; their catchers, like those 
of the shore stations, could only exploit 
whales within range of the island coasts. 
But in 1925 the steamship Lancing was 
fitted with a slipway in the stern so that 
whales could be hauled on deck. She 
sailed for the south and made a successful 
season. The great era of pelagic whaling 
had begun. Factory ships could now 
operate wherever they could find whales 
in the Southern Ocean. And they could 
operate outside territorial waters where no 
governments at that time could control 
their activities by licences or by restrictions 
on the catching strength. Tankers were 
rapidly converted with stern slipways for 
pelagic whaling. Other tankers were 
used as transports, which brought fuel 
oil to the factories in the ice and took home 
cargoes of whale oil, an arrangement 
which increased the whaling potential of 
the expeditions. In 1930-31, within five 
years of the Lancing’s voyage, there were 
41 floating factories operating 205 whale- 
catchers in the Antarctic seas. Oil pro- 
duction in the Antarctic, and consequently 
the world production, were the highest in 
the history of whaling. The Antarctic 
produced nearly 3$ million barrels of oil 
from 37,465 whales. And 75-6 per cent. 
of all these whales were Blue whales. 

Now the much-prized Blue whale has 
never been the most abundant great whale 
in the Antarctic. Because of selection the 
catches of whales give no idea of the rela- 
tive abundance of the different species. 
But the proportions got from observing 
whales at sea in the Antarctic, and from 
marking them, are of the order of 10 per 
cent. Humpback whales, 15 per cent. Blue 
whales and 75 per cent. Fin whales. 
Certainly Fin whales are several times 
more abundant than Blue whales. And 
the decade of Antarctic pelagic whaling 
before 1939 chronicles the steady over- 
fishing of Blue whales and the shifting of 
the burden of taxation to the less valuable 
but populous Fin whales. By this shift 
towards Fin whaling, the Antarctic oil 
production was well enough sustained, 
except for a dramatic but explicable drop 
in the season following 1930-31, when 


collapse of the oil market kept most fac. 
tory ships at home. Production in 1937- 
1938 actually rose to 3-3 million barrels, 
little short of the peak production of 
1930-31. But the catch of Blue whales 
had fallen by half from 28,325 to 14,826, 
and their proportion in‘ the total catch 
from 75-6 per cent. to 33-5 per cent. 
Changes in the catch per unit of effort, 
when cautiously applied, can be a useful 
method of gauging the taxation by hunting 
of a wild population. The catch of Blue 
whales per catcher’s day’s work fell from 
1-05 in 1930-31 to 0-59 in 1937-38. And 
this was in spite of increase in power and 
efficiency. of the whalecatchers. (‘ Cat- 
cher’s day’s work’ is got by multiplying 
together the numbers of whalecatchers and 
the days spent whaling. In the available 
statistics it does not, I confess, take into 
account days lost because of bad weather, 
or days of ‘ stop catch ’ when a factory ship 
can accept no more whales. But the 
figures involved are so vast that such cor- 
rections would make no significant differ- 
ence.) There was another sign which 
caused alarm in pre-war years : more and 
more young whales were entering the 
catch ; after 1932 the average lengths of 
the Blue whale catches fell steadily and 
the proportions of immature animals rose. 
This trend was actually arrested in the 
season 1937-38 because the governments 
of Great Britain, Norway and Germany 
agreed upon minimum lengths below 
which whales might not be killed. There 
was no further decrease in the average size 
of Blue whales caught until the war caused 
pelagic whaling to cease in 1940. Pre- 
sumably there was no longer opportunity 
for selection and the average size was 
being artificially maintained by the size 
limit. Meanwhile the catch of Blue 
whales per catcher’s day’s work continued 
its decline in the three seasons after 1937, 
so that there was no halt to the dwindling 
of the stock. 

The international agreement of 1937 
was not the first attempt to regulate 
whaling in the Antarctic. ‘There had been 
voluntary agreements between the whaling 
companies, begun in 1933 and designed to 
protect the whale oil market, but these had 
only been partially successful in controlling 
production. The agreement of 1937 now 
provided for limits to the catching season 
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as well as for minimum lengths of whales. 
In the following year pelagic whaling for 
Humpback whales was forbidden in the 
Antarctic. This species is segregated 
during the Antarctic summer in separate 
communities to the southward of the 
continents whose coasts it frequents in 
winter. The Humpback was thus easy 
prey to the factory ships of the thirties, and 
suffered great depredation. In 1938 also, 
a sanctuary for whales was established in 
a part of the Antarctic by forbidding all 
whaling in the Pacific sector. 

You may see that, by the regulations of 
1937 and 1938, a start was made toward 
rational whaling and the way prepared 
for the International Whaling Commission 
after the war. 

The Commission’s schedule is a very 
comprehensive one, providing for con- 
servation in all parts of the world. The 
regulations are of course subject to review, 
and the Commission has so far met every 
year for this purpose. Besides retaining 
the sanctuary in the Pacific south of 40°S., 
and providing for minimum lengths of 
whales and the duration of whaling 
seasons, the Commission defines where 
factory ships outside the Antarctic may or 
may not operate; it provides against 
waste by insisting that the meat and bone 
as well as the blubber of whales shall be 
processed ; it protects lactating whales 
and their calves ; it protects certain rare 
species of whales entirely, and it provides 
for adequate inspection to ensure that its 
regulations are carried out. I am afraid 
I cannot here do justice to the whole of the 
Commission’s schedule, but must turn 
again to the great Antarctic whale stocks 
for which there is special legislation. 

The Commission’s most considerable 
achievement is to limit the actual number 
of whales which can be killed in a certain 
area, in this case the pelagic Antarctic, 
during each season. It is hoped that this 
bold and simple restriction will prevent a 
repetition of the reckless plundering by 
factory ship whaling in the thirties. 

The maximum permitted catch is ex- 
pressed in Blue whale units. One Blue 
whale unit is 1 Blue whale, or 2 Fin 
whales, or 24 Humpback whales, or 6 Sei 
whales. The maximum since 1946 had 
been 16,000 Blue whale units, but last 
year this figure was reduced by 500 units. 
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A second regulation, designed to get the 
most oil production from the catch, is the 
postponing of the Whalebone whale season 
to a start on January 2 each year, so that 
the whales may be given a chance to feed 
and grow fat in the Antarctic before they 
are captured. 

[I may conveniently add here that the 
maximum catch, and the duration of the 
pelagic season, refer only to Whalebone 
whales and not to Sperm whales. The 
stocks of Sperm whales—the largest 
toothed whales—at present give no cause 
for alarm, either in the Antarctic or else- 
where. Sperm oil has industrial uses 
only, and the market for it fluctuates : 
when Sperm whales are in demand large 
catches can be made in the Antarctic or 
off the coast of Peru. Sperm whales are 
polygamous and the females are smaller 
than the males : so it is arranged that only 
males are taken by providing for a length 
restriction which almost entirely protects 
the females.] 

Agreement between governments upon 
a maximum catch has had a very marked 
effect on the operations of Antarctic 
pelagic whaling. Competition is now the 
keynote of the industry. For the space of 
about 24 months each year, between Janu- 
ary and March, 19 or 20 factory ships 
belonging to Holland, Norway, Japan, 
Russia, South Africa and the United 
Kingdom are earnestly competing for their 
share in the production of oil and by- 
products from a limited supply of raw 
material. This means catching as many 
whales as possible and afterwards getting 
the most from them in whale products. 
The result has been some remarkable de- 
velopments in the technique of whaling. 

The new factory ships have a greater 
capacity for raw materials than those they 
have mostly replaced. Each factory 
operates more whalecatchers, the average 
increase per factory being from 7-9 
whalecatchers in 1938 to 14-5 in 1953. 
These new whalecatchers are larger and 
faster and more powerful: the average 
catcher in 1938 was 295 tons and 1,127 
horsepower ; the average last year was 
484 tons and 1,965 horsepower. In new 
construction there is a trend to increase 
a whalecatcher’s range by fitting diesel 
rather than steam engines. These diesel 
catchers are valuable for scouting for 
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whales ahead of the main expedition. 
Both airplanes and helicopters have been 
used at times for scouting purposes in the 
Antarctic. The idea is not new, for in 
1929 a Gipsy Moth made several flights 
from the factory ship Kosmos before the 
aircraft went missing. A factory ship 
makes a cramped floating platform and 
therefore helicopters rather than con- 
ventional aircraft are likely to assist pelagic 
whaling in the future, but in general the 
periods of storm and fog which punctuate 
an Antarctic season must limit the useful- 
ness of flying machines. The time for- 
merly lost to bad weather by the whaling 
fleets is now partially reduced by the 
widespread use of radar for navigation in 
fog and at night among ice. In hunting 
whales the principle of submarine detec- 
tion by ASDIC is being introduced to help 
the look-out at the masthead. The device 
is called the echo-whalefinder. A related 
sonic device is the whale-scarer, which is 
intended to make whales run by scaring 
them with ultrasonic vibrations : as they 
run they get out of breath, blowing more 
often as they tire, and so they are more 
easily and quickly followed. Please do 
not suppose that these sonic devices are 
universal. In matters of the whale hunt 
Antarctic gunners can be the most con- 
servative of men, and some would rather 
depend on their experience of the ways of 
whales, and on their own keen eyes and 
those of the man in the barrel. As much 
may be said for whaling with the electric 
harpoon. This has great possibilities as a 
more humane and more rapid method of 
killing whales, and one yielding an un- 
spoiled carcase without grenade splinters. 
It belongs to the future of whaling. But 
the harpoon is the whale gunner’s liveli- 
hood and the Svend Foyn grenade harpoon 
is simple, dependable and effective: it 
seems to me unlikely that the present 
generation of whale gunners will easily 
give up the harpoon which has served 
them and their fathers well through 50 
years of Antarctic whaling. A significant 
advance since the war has been to reduce 
the losses of captured whales which are 
flagged and left to be collected by a tow- 
boat or by the catcher at the end of the 
day. Because of fog or heavy seas, or 
nightfall, these flags were sometimes 


missed. Now there are radio transmitters 
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which can be buoyed alongside the whale 
and which signal continuously to the 
catcher ; and there are flags with simple 
reflector cones which can be detected on 
the catcher’s radar screen. 

All these efforts to catch more whales 
are matched by efforts to increase pro- 
duction, that is, to overcome wastage, in 
the factory ships. The main sources of 
waste are the so-called ‘ grax and glue- 
water ’ which are blown off the pressure- 
cookers and the rotating apparatuses in 
which blubber, meat and bones are treated 
for oil extraction. The grax is a sludge 
consisting of protein fibres and bone 
particles. The glue-water may contain 
3 to 13 per cent. of oil, as well as soluble 
protein which has been estimated, on a 
basis of 50 per cent. moisture, at 10 tons 
per Blue whale unit. Sludge separators, 
called superdecanters, are being intro- 
duced into shore stations and into some 
factory ships to separate and recover grax 
from glue-water. The separated grax is 
dried to make a valuable meal. The glue- 
water which has been freed from grax can 
be centrifuged to recover a good deal of 
the oil. Some shore stations have ap- 
paratus for concentrating protein in the 
glue-waters by spray-drying or vacuum 
evaporation, but a factory ship has little 
room for the extensive plant required. 

The present concern of whaling com- 
panies in the Antarctic is the great expense 
of competing for their share of whales. 
This expense is greatest in the mounting 
number of whalecatchers which they find 
they must send with each expedition. 
For the whaling fleet as a whole this 
means of course no extra catch, but simply 
that the permitted catch is being achieved 
in a shorter and shorter time each year. 
The industry has to consider whether the 
overheads saved on a shorter season com- 
pensate for the cost of extra catchers. It is 
beginning to grapple with these problems 
of competition, and nearly all whaling 
companies which operated in the last 
Antarctic season, 1953-54, agreed between 
themselves to limit the numbers of whale- 
catchers employed. 

Let me now examine the success of 
whaling regulations in safeguarding the 
Antarctic stocks of whales in post-war 
years. Most of the Humpback popula- 
tions (but not those in the Atlantic sector) 
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seem to have recovered in the years of their 
protection from pelagic whaling, and 
therefore since 1949 a moderate number 
are permitted to be caught each season. 
But last year the International Whaling 
Commission reviewed the status of Blue 
whales and concluded that their decline 
begun in pre-war years has not been 
arrested. Professor Johan T. Ruud of 
Norway has shown that during the war 
they had not made the recovery hoped 
from them. In the months of January and 
February, which are the months which can 
now be compared in pre-war and post-war 
Blue whaling the mean catch of Blue whales 
per catcher’s day’s work was 0-66 in the 
last five seasons before the war : it was 0-34 
in five seasons since the war, from 1948 to 
1952. And there are those other signs of 
overfishing which I mentioned when dis- 
cussing the condition of Blue whales be- 
fore the war. The species appears to be 
particularly depleted in the Atlantic sector. 

As a remedial measure, the Commission 
last year reduced the permitted catch of 
Whalebone whales from 16,000 Blue 
whale units to 15,500, and also forbade the 
taking of Blue whales until January 16 by 
which date numbers of Blue whales have 
migrated away from the Antarctic grounds. 
The Commission is meanwhile fully aware 
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that measures designed to protect Blue 
whales only shift a greater burden of 
taxation upon the stocks of Fin whales. 
And some members of the Commission 
are convinced that the strength even of 
these great southern stocks is diminishing. 

The future is not gloomy. The Inter- 
national Whaling Commission, a remark- 
able example of co-operation between 
governments which may have widely 
different ideologies, has securely estab- 
lished the principle and practice of rational 
whaling. Scientific research continues, 
and may eventually discover sufficient 
about the absolute numbers of whales and 
their age distribution to recommend an 
optimum catch to modify the present 
empirical figures. If there are further 
reductions in the permitted catch, the 
time may come when the industry will 
have to economise in scale; but it would 
agree that this is better than an eventual 
end to whaling, when we can no longer 
start an expedition on its way with such 
a valediction as these lines engraved on a 
scrimshaw tooth by a Sperm whaleman 
long ago— 


Death to the Living, Long live the Killers, 
Success to Sailors’ wives, and Greasy Luck 
to Whalers. 
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THE INFLUENCE OF FOREST ECONOMICS 
ON FOREST POLICY 


Address by 


W. E. HILEY 
CHAIRMAN OF SUB-SECTION K* 


INTRODUCTION 


THE most distinctive feature of forestry as 
an industry is its long period of production. 
It takes 50, 100, or even 200, years to pro- 
duce a mature tree and, as this generally 
exceeds the working life of a forester, few 
of us can watch, or control, the process 
from beginning to end. So we are apt to 
become absorbed in the technique of those 
operations which fall to be carried out in 
our time and we fail to grasp the signifi- 
cance of the process as a whole. We may 
be so fortunate as to have trees of all ages 
so that we become familiar with the pro- 
blems that arise at each stage of cultiva- 
tion but, even so, we can seldom synthesise 
these separate operations into a true mental 
picture of a complete rotation. Methods 
change with the passage of years and it 
would be rash to assume that those woods 
which are now approaching maturity were 
cultivated during their early years in the 
same manner as young woods are treated 
to-day—if, indeed, they were cultivated at 
all. 

Our mental failure to integrate the 
stages of production of timber trees has 
had a deadening effect on the study of 
forest economics. When we try to com- 
pare the economic attractiveness of differ- 
ent methods of cultivation we may use 
figures of the actual costs of various opera- 
tions at some particular rate of wages, but 
for estimates of the future returns which 
may result from these operations we have 
to rely on notional statistics. These no- 
tional statistics are usually derived from 
volume yield tables, which record average 
yields, and the prices at which standing 
trees can be sold at the present time, so 
they have a reasonably factual basis ; but 
the resulting calculations often appear un- 


realistic and most practical foresters ignore 
them. 

It is my contention, however—and this 
is the thesis which I hope to justify this 
morning—that by failing to study suffi- 
ciently the economic implications of our 
forestry methods, and by lack of attention 
to the current results of economic enquiry, 
we are failing to make the best use of our 
resources. It may be open to our succes- 
sors fifty years hence to complain that, had 
we been more sensible in the application 
of our present knowledge, we might with 
the same expenditure of capital have given 
them twice as valuable a stock of timber 
as they possess. If this appears to be an 
exaggeration let us examine the growing 
stock which we inherit from the past. Most 
of us would admit that if our average 
plantations equalled our best, even allow- 
ing for diversity of soil and climate, we 
should be three, five or even ten times 
better off. And, although our predecessors 
could not have the same knowledge or 
experience as we now possess, this does not 
release us from the responsibility of using 
to the full the results of our research and 
observation. 


WEALTH AND WELFARE 


The economic aim of foresters should be 
to use the land, labour and materials avail- 
able to them in such a manner that they 
produce the greatest possible amount of 
wealth and welfare. ‘ Wealth’ is an ill- 
defined term and may be used to include 
all forms of welfare ; but, for clarity in 
argument, I shall here confine ‘ wealth’ 
to those forms of material wealth to which 
a money value can be attached, and shall 
include under ‘ welfare’ those imponder- 
ables in forestry which rightly influence 
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foresters in the courses they select but 
cannot readily be expressed in terms of 
money. In the first part of this address 
attention will be directed to ‘ wealth’ in 
this sense, and I shall start with the prin- 
ciple that forestry should be so organised 
as to produce the greatest total value of 
product in relation to the value of the 
resources which are expended. 


Tue Rate or INTEREST 


Since trees grow slowly we are concerned 
not only with the value of the product but 
with the time taken to produce it. Our 
present activities are directed towards pro- 
ducing timber in 20, 50 or 100 years’ time, 
and we have to match our present cost 
against the present, or discounted, value 
of that timber. What the present, dis- 
counted, value of the timber amounts to 
depends on three factors : the value of the 
timber when mature, the time taken to 
grow it and the rate of compound interest 
at which it is discounted. 

What the rate of interest means to 
foresters can be indicated by a few ex- 
amples and, for the sake of clarity, the first 
examples will be expressed in their simplest 
terms. We will suppose that an acre of 
land can be bought for £10 and planted 
for £50 and that the resulting plantation 
will mature at 50 years without any inter- 
mediate care or treatment. Let us further 
suppose that at the end of the 50 years the 
land and timber are worth £600; then 
the £60 worth of resources will have in- 
creased to £600 worth during the period 
of 50 years, i.e., it will have grown at a 
rate of 4-7 per cent. per annum. Putting 
it round the other way, £600 worth of land 
and timber, realisable 50 years hence, if 
discounted to the present time at 4-7 per 
cent., is worth £60. The invested capital 
has increased by 4-7 per cent. each year. 

Alternatively, let us suppose that at the 
end of the 50 years the land and timber 
are worth not £600 but £300. In this case 
the capital would have earned only 3-3 
per cent. and the owner of the acre would, 
at the end of the 50 years, be far worse off 
than under the previous supposition. So, 
in so far as this simple illustration applies 
and assuming that a limited amount of 
capital is available for investment, the rate 
of interest we can earn by our forestry may 
be used as a measure of the gratitude we 
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may expect from our successors for the 
foresight we have displayed in our treat- 
ment. And, since our function as foresters 
is to provide satisfaction for our succes- 
sors, the rate of interest earned is a reason- 
able measure of our success as foresters. 

Let us now suppose that the rotation 
was much longer, say 100 years. It would 
be necessary, in order to earn 4-7 per cent., 
for the land and timber to be worth no 
less than £6,000 in 100 years’ time, since 
the value must increase 10 times in each 
50 years. This is an unreasonable value 
to expect from an acre of forest ; but, if 
the planter who got back £600 from his 
single acre at the end of 50 years had re- 
invested it in planting 10 acres in the same 
manner, he or his successors might expect 
to have £6,000 at the end of 100 years. 
In general two rotations of 50 years may 
be expected to be far more profitable, and 
to yield greater satisfaction, than one rota- 
tion of 100 years. 

The recognition of the rate of compound 
interest earned by forest cultivation as an 
indicator of the material success of a forest 
enterprise is fundamental to clear thinking 
in forest economics. It is significant not 
only for private foresters, who naturally 
require their woods to be profitable, but 
for State forestry and for the country as a 
whole, because it is a measure of the extent 
to which the capital we invest in, or plough 
back into, forestry is earning its contribu- 
tion to the total national productivity 
which, in turn, supports our national 
standard of living. In this paper the con- 
ception is applied to the establishment and 
subsequent cultivation of plantations which 
are maintained for the production of tim- 
ber ; but it applies equally, though with 
somewhat different reasoning, to the tam- 
ing of a natural forest or to the mainten- 
ance of a normal forest. 

In its applications to forest policy the 
rate of interest should not be regarded 
purely, or even mainly, as a financial con- 
ception. Although we have to use mone- 
tary denominations as a measure of wealth, 
the importance of so cultivating our forests 
that they earn a high rate of interest would 
equally hold good even if money did not 
exist. If one estate cultivates timber in 
such a manner that it earns a high rate of 
interest, while another estate cultivates so 
as to earn a low rate of interest, then, other 
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things being equal, the first estate will 
become wealthier than the second even if 
it uses all the timber for its own purposes 
and no money passes. 


CHANGES IN THE VALUE OF MONEY 


The examples which have so far been 
used to illustrate the significance of the 
rate of interest are expressed in very simple 
terms in order to clarify the argument, but 
in real life calculations in forest economics 
are beset by many complications which 
tend to fog the issue. Two of these com- 
plications are fundamental and must be 
briefly discussed. 

Costs and returns in forestry must be 
expressed in terms of money. But during 
a rotation of 50 or 100 years the value of 
the unit of money which we use for 
measurement—the pound, the dollar or 
the franc—is likely to vary and even to 
fluctuate violently. In general the pur- 
chasing power of money tends to fall ; but 
if, for this reason, we receive many more 
pounds for a final crop than could have 
been foreseen at the beginning of the rota- 
tion, we are not necessarily better off since, 
if the prices of other commodities have 
risen proportionally, the larger sum we 
then receive will not buy more goods or 
services than the smaller sum would have 
bought at the beginning of the rotation. 
Nevertheless, the apparent rate of interest 
earned on the plantation will be higher 
than we calculated. We can correct this 
discrepancy with the help of a price index 
and if, at the end of a rotation, we inserted 
in our formulae ‘ corrected ’ prices for our 
crops, we could work out an approximate 
value for the rate of interest which would 
have been earned if the purchasing power 
of money had remained constant. 

The prices of timber may, however, 
change in relation to a price index, and 
during the last 100 years they have risen 
faster than prices in general on account of 
the greater scarcity of, or the greater 
difficulty of extracting, the remaining 
timber in natural forests. From 1857 to 
1937 the ‘ corrected relative ’ price of sawn 
wood imported into this country rose on 
the average by 0-5 per cent. per annum 
and, if this rise continues, it may be legiti- 
mate to anticipate a return of about 0-5 
per cent. above the calculated rate of 
interest which plantations can earn. 


THE FINANCIAL YIELD 

The second complication, which I must 
deal with at greater length, arises from the 
nature of the forest industry. When a 
plantation has been initiated it must be 
looked after and protected from fire and 
other hazards. During the course of its 
life it is thinned many times and these 
thinnings are usually a source of profit. 
So, instead of there being a single expendi- 
ture at the beginning of the rotation and 
a single return at the end, there is expendi- 
ture all through and there are returns both 
from intermediate and final fellings. Thus 
the calculation of the rate of interest 
earned by a plantation is far more complex 
than has so far been suggested. 

This complication is met by using the 
Faustmann formula by which the costs of 
the land, of establishing a plantation and 
of other operations, are associated with 
anticipated returns from thinnings and the 
final crop. By discounting all costs and 
returns to the beginning of the rotation 
we can calculate the rate of interest which 
makes the two sides equal. This rate of 
interest is called the ‘ financial yield,’ the 
word ‘yield’ being used in a sense 
borrowed from the Stock Exchange (1), (2). 

The financial yield—the rate of interest 
which may be earned on a rotation with 
current costs and prices—is usually of a 
low order. Wiedemann (6 : Table 42), 
working with 1938 prices and using a 
different method of computation from that 
which I have described, quotes rates of 
from 3-2 per cent. to 1-9 per cent. for 
Norway spruce, 2 per cent. to 1 per cent. 
for Scots pine, 1-3 per cent. to 0-6 per 
cent. for beech and 1-9 per cent. for fast 
growing oak ; but these figures refer only 
to the better rates of growth and no quality 
classes below the third are included. 
Owing to our faster growth and heavier 
thinning, the rates that can be earned in 
Britain are far higher than these. Again 
including only rates of growth down to 
quality Class III, and working with post- 
war prices and costs, rates ranging from 
7-5 per cent. to 5 per cent. have been 
computed for Douglas fir and Sitka spruce, 
4-9 per cent. to 2-5 per cent. for Norway 
spruce and Japanese larch and 4:3 per 
cent. to 2-2 per cent. for Scots pine (2). 

It is clear from these figures that, though 
forestry may be an attractive investment 
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under the most favourable conditions, it is 
doubtful whether the planting of the slower 
growing species on poor land is financially 
justified. It might be shewn that, if we 
bring into account only the money value 
of the crops that are likely to be grown 
and exclude for the present considerations 
of welfare, much of the money which is 
now being invested in forestry could be 
better used in other ways, even if the land 
which is being planted remained derelict. 


Tue Price oF Forest LAND 


The Faustmann formula may be used in 
another way. If we calculate with some 
fixed rate of interest, say, the rate at which 
the Forestry Commission borrows from the 
Treasury, we can work out the amount per 
acre which could be paid for land so that 
this rate of interest, neither more nor less, 
would be earned. In the text books this 
amount is called the ‘soil expectation 
value,’ but the term ‘land expectation 
value’ is preferable. The conception of 
land expectation value has had an import- 
ant place in the history of forest economics 
and, though in modern calculations in 
forest finance it generally occurs merely 
as an intermediate step, it is useful in 
determining the price which may be paid 
for forest land. 

In calculating a land expectation value 
we have to adopt, not only a fixed rate of 
interest, but representative charges for the 
costs of operations and _ representative 
prices for thinnings and the final crop. 
Both costs and prices change with time 
and they vary from place to place, so cal- 
culated values of land have only a relative 
significance. Nevertheless, it is interesting 
to compare calculated values for different 
species and site qualities, which are based 
on average post-war costs and prices, since 
these values cover an astonishing large 
range. 

Recent computations at 4 per cent., 
using our current yield tables, have shewn 
that an expectation value as high as £140 
per acre may be estimated for land which 
will grow first-quality class Douglas fir, 
whereas for fifth-quality class European 
larch the land expectation value is as low as 
minus £70 per acre. This negative figure 
means that, not only can nothing be paid 
for the land, but that a free gift or subsidy 
of £70 an acre would be required to allow 
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a forester to earn 4 per cent. on the re- 
maining capital which he himself added. If 
after the first rotation the land allowed the 
same rate of growth in subsequent rota- 
tions, and if the relation of costs to prices 
remained constant, no further subsidy 
would be required to enable 4 per cent. 
to be earned continuously. 

And yet, we generally put the value of 
forest land at from nothing to £5 per acre 
and think it extravagant to plant land 
costing more than £10 an acre. There are 
several reasons for this traditional attitude 
to the value of forest land. For taxation 
purposes forest land is regarded as ‘ un- 
improved land’ and, owing to the diffi- 
culty of removing tree stumps, the agricul- 
tural value of woodland is low. Further, 
owing to the national importance of food 
production, foresters are loath to compete 
with farmers for the use of land and they 
may have to be content with land which 
is worth very little for agricultural pur- 
poses. And, lastly, foresters often take 
credit for the area of land they plant 
irrespective of its productivity. If they 
were judged by the value of timber their 
plantations may be expected to yield in 
50 years instead of by the area planted, 
there would be far more competition for 
the better land. 

The choice of land remains largely an 
academic subject if foresters are restricted 
to those areas which farmers cannot use : 
but not completely so, because some areas 
of cut-over or decadent woodland are on 
very fertile soil. Many of these fertile 
woodland soils are on slopes which are too 
steep for agriculture and, though they are 
more expensive to work as forest than flat 
or undulating land, they can produce 
timber far more cheaply than infertile soils. 
But need foresters be so restricted in their 
search for land? There are many thous- 
ands of acres of land which is nominally 
occupied by farmers but is scarcely used— 
land which is too steep or too rocky for 
ploughing, land which has become covered 
with bracken—and much of this land, 
though unsuited to modern mechanised 
farming, is excellent for forestry. Perhaps, 
if we wait long enough, it will fall to us 
at our own price. But there is a tradition 
among farmers that such land is worth 
£15 to £20 an acre and they are unlikely 
to let it go for less. Our calculations show 
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that it would be far better to pay this price 
for land which will grow trees rapidly than 
to plant very poor land even if it costs us 
nothing. 

There is much afforestation in Britain 
on land which by all common standards 
appears to be financially submarginal. 
This course is defended on the ground that 
we must have timber and can only use the 
land which is available. There is a justifi- 
able dislike for compulsory acquisition of 
land, and there is a fear that once a larger 
price was offered for forest land the price 
even of inferior land would be raised. But 
if foresters became better acquainted with 
the inequalities in the forestry value of 
different types of land and studied more 
closely the quality classes of land for various 
species, they should be able to assess land 
values with sufficient accuracy and to make 
reasonable offers when they wished to 
purchase it. 


THE IMPROVEMENT OF LAND 


Calculated land expectation values may 
also be used to assess the amounts which 
can justifiably be spent on improving the 
quality of land. The techniques by which 
land can be improved for forestry are being 
assiduously studied and they constitute a 
major subject for discussion at the present 
meeting of this Sub-Section of the British 
Association. Many expedients have been 
used for this purpose, such as ploughing, 
liming, the application of artificial man- 
ures, green manuring and the use of nurse 
crops such as broom or birch, and it has 
been shewn that they can assist materially 
in the establishment of young forest crops 
on difficult land and in the growth of 
nursery plants. The importance of this 
field of inquiry can hardly be overstressed 
and, since the expenditure of large sums 
would be justified if the productive 
capacity of land could be materially in- 
creased, there is a wide scope for experi- 
ment. Unfortunately, many years must 
elapse before we can learn whether the 
early improvement in the growth of the 
trees, which results from such measures, is 
continued into middle age. 

The contribution which forest econo- 
mists can make to this branch of research 
is to shew how much money might legiti- 
mately be spent on land improvement. 
The method by which this figure is 


determined is illustrated by the following 
example. In the set of calculations which 
has previously been referred to it was found 
that the cultivation of Norway spruce on a 
second-quality class site costing £8 per 
acre might earn a financial yield of 4 per 
cent. The same rate of interest could be 
earned on a first-quality class site which 
cost £47 per acre. So it appears that in 
this case it would be worth while to spend 
an amount up to £39 per acre to improve 
second-quality class land to first-quality 
class. With other species similar results 
have been obtained and it appears that, 
in general, something like £30 to £40 
per acre might be spent on securing 
an improvement from second to first 
quality. 

The value of a change of one quality 
class at the lower range of soil fertility 
cannot be determined with as much con- 
fidence because our yield tables for poor 
sites are not continued to an age at which 
the plantations are financially mature. 
But it is evident that considerably less 
could profitably be spent on raising a 
quality class from fifth to fourth than from 
second to first. At the lowest levels of 
fertility a quality class change seems to be 
worth only about £20 an acre ; but in this 
range of fertility we have to calculate with 
very low rates of interest, and it is open to 
question whether any expenditure is worth 
while if at the end of it the land is still 
financially sub-marginal for tree cultiva- 
tion. It is a silvicultural achievement to 
make trees grow on land on which they 
would not previously grow but, if the sub- 
sequent cultivation of timber trees is un- 
duly expensive, little has been gained 
unless the plantations serve other purposes, 
such as protection against erosion or the 
conservation of a water supply. 


Tue CHoIcE OF THINNING GRADE 


Next to the choice of land the subject 
in forestry to which the study of forest 
economics can make the largest contribu- 
tion is thinning. In the cultivation of their 
plantations foresters have the choice of a 
wide range of thinning methods, and the 
cost and quality of their products are deter- 
mined to a large extent by the methods 
which they adopt. So far their thinning 
methods have been mainly governed by 
tradition, but the rigidity of tradition has 
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been relieved by a somewhat vague and 
unscientific experimentation. Our know- 
ledge is now, however, reaching a stage 
which enables us to calculate with some 
confidence the average results of new and 
untried thinning methods (3) and, not 
only to foretell the nature of the timber 
which will be produced, but to estimate 
the cost of growing it. 

For this purpose it is convenient to use 
the Faustmann formula in yet another 
way. If we again adopt representative 
costs of operations, and if we assume a 
known price for the land, we can calculate 
the prices we should have to receive for 
our timber in order to earn any required 
rate of compound interest (1), (2). The 
price of a final crop calculated in this way 
naturally depends on the prices we receive 
for our thinnings, and, in obtaining the 
results which are here quoted, a constant 
market is assumed for early thinnings, but 
the price per cubic foot of the later 
thinnings has never been allowed to exceed 
that of the final crop. 

The result of heavy thinning is that the 
individual trees grow in diameter faster 
than with light thinning and reach any 
desired size in a shorter time. This allows 
of a saving in cost and, as the intermediate 
yields are increased, the saving may be 
large. But the resulting timber has broader 
annual rings and in conifers, though 
generally not in hardwoods, this may 
impair its technical quality. Further, as 
the branches have more room to grow 
they become larger and, unless they are 
artificially pruned, which is generally 
necessary with heavy thinning, the timber 
will be more knotty. 

The new yield tables, which have 
recently been issued by the Forestry Com- 
mission (4), give the dimensions at each 
age of the hundred largest trees per acre 
in plantations of each species and each 
quality class, so we can calculate the 
widths of the annual rings put on by the 
dominant trees in each period. Assuming, 
as is generally believed, that, within 
reasonable limits of density, the increment 
is unaffected by the number of trees per 
acre, we can calculate, from the figures in 
these yield tables, the probable ring widths 
in the hundred largest trees which will 
result from other grades of thinning (3). 
Particular plantations may not follow 
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these calculated rates at all closely, but 
neither do they follow the ordered sequence 
of a yield table. We are dealing with 
averages, and the intelligent application 
of calculated thinning grades is likely in 
general to give us the kind of timber they 
are designed to produce. 

Calculations which have so far been 
made show that the savings which can be 
achieved by heavier thinning are sub- 
stantial. Allowing average costs for plant- 
ing and other operations (computed with 
1951 wages), assuming reasonable sale 
prices for early thinnings, and charging 
compound interest at 4 per cent., the cost 
of growing a final crop of Scots pine at 70 
years, in accordance with the Forestry 
Commission Yield Table for quality class I 
of this species, is 26-2d. per hoppus foot. 
The average diameter of the trees at breast 
height is 14-9 inches, and, with this grade 
of thinning, it would cost more to grow 
larger trees by lengthening the rotation. 
With a heavier thinning grade, the effect 
of which on the growth of the trees has 
been calculated by the method I have 
indicated, it appears that, employing the 
same data of wages, etc., trees of this 
diameter can be grown in 51 years at a 
cost of 20-3d. per hoppus foot. And, if the 
rotation were continued to 60 years, the 
average diameter of the trees would in- 
crease to 18 inches and the cost per foot 
would be slightly less. Thus, by heavier 
thinning—but still not so heavy as signifi- 
cantly to affect the quality of the timber— 
a thicker tree could be grown at little more 
than 75 per cent. of the cost per hoppus 
foot. With Douglas fir, using a table for 
heavy thinning which has already been 
published (2), the cost of growing a final 
crop of trees with an average breast height 
diameter of 15 inches is reduced from 
12-2d. to 10-8d., a saving of 12 per cent., 
and if larger trees were required the saving 
would be greater. 

These two examples illustrate the saving 
which heavy thinning allows on good land. 
On poor land trees require many more 
years to reach timber size, and the Yield 
Tables for poor sites are not continued to 
a sufficient age to allow comparisons to be 
made. Such experience as is available, 
however, suggests that the saving in cost 
through heavier thinning will be greater 
on poor land than on good land. 
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ROTATIONS 

Such calculations as these may assist 
foresters in deciding how to thin, which is 
an ever-present problem. They also have 
a bearing on the choice of rotation, as has 
been shewn in the figures which have been 
quoted. They do not, however, provide a 
complete economic background to the 
question of rotations because other factors 
are here involved. 

The ultimate object of growing timber 
trees is to provide the sawn timber which 
the country requires. So the best simple 
expression of the financial objective which 
we seek in making coniferous plantations 
is that we should grow trees in such a 
manner that, when they are sawn up, the 
total cost per cubic foot of cultivation, 
felling, extraction and sawing will have 
been as low as possible in relation to the 
value of the sawn products. This will 
enable our home grown timber to compete 
on the most favourable terms with im- 
ported timber. 

In some recent articles Mr. Gordon 
Jacob (5) has told us that, in order to saw 
timber with reasonable economy, millers 
must be supplied with a continuous 
through-put of logs which have a limited 
range of size ; and, inspired by observa- 
tions in Scandinavia, where very efficient 
mills have been designed to convert the 
small trees which are the raw material of 
their great industry, he suggests that we 
also should be content with small trees and 
should direct our silvicultural methods 
towards producing them in large quanti- 
ties. Mr. Jacob’s statements are a challenge 
to British foresters to work out a policy 
which will enable both growers and millers 
to compete in a world market ; I hope 
that this challenge will be accepted and 
that there will be no delay in initiating 
the necessary research and in thinking out 
the problems which are involved. In 
South Africa foresters decided to aim at 
final crops of trees with an average breast 
height diameter of 18 inches ; they worked 
out thinning regimes and rotations which 
would produce them and they have 
already experimented on a large scale 
with various types of sawmill so as to 
determine the most efficient methods of 
conversion. So, although their forestry is 
much younger than ours, they are far 
ahead of us in forest policy ; and, only by 


meeting the challenge which Mr. Jacob 
has thrown at us, can we hope to catch up 
with them. 

There may be no finality in the solution 
of our problems, but we cannot make in- 
telligent decisions until we know more 
about the relative costs of growing trees 
of different sizes, the relative costs of saw- 
ing them up, and the relative values of the 
products. In time we may be able to settle 
the rotations which will best meet our 
national needs, and then we can make the 
working plans which are essential for 
efficiency in forest management. Even in 
such a small country as Britain there are 
bound to be regional differences, based 
mainly on variations of climate, and both 
the size of tree we attempt to grow and 
the type of mill in which it is converted 
will depend on the rate of tree growth. 


THE OBJECTIVE OF WELFARE 


The applications of economic concep- 
tions to forest policy which have so far 
been discussed in this address refer to the 
economic cultivation of tree crops ; but 
we derive many benefits from forestry 
apart from the value of the timber that is 
grown. These other benefits are very 
important and have attracted a great deal 
of attention in forest literature. As it is 
difficult to attach a money value to them 
they are frequently referred to as the 
imponderable objectives of forestry and, as in 
my opening remarks the direct financial 
benefits to be derived from forestry were 
grouped under ‘ wealth,’ the imponderable 
benefits may be grouped under ‘ welfare.’ 
As a nation we spend vast sums on the 
pursuit of welfare, familiar examples of 
which are health and education, and 
though we seldom attempt to express their 
value in terms of money we know that we 
should be far poorer without them. 

The imponderable benefits that may be 
derived from forestry are of many kinds 
but most of them are concerned with pro- 
tection against adverse natural forces such 
as avalanches, soil erosion, the too rapid 
flow of water, and wind. In Switzerland 
it has been made illegal to clear forests on 
steep mountain slopes, and in mountainous 
parts of Europe bare ground has been 
afforested even where climatic conditions 
are so unfavourable that good timber can- 
not be grown. In many parts of America 
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and Africa the prevention of soil erosion 
has been the main object of planting, and 
the financial return has been a secondary 
consideration, even if it was regarded at 
all. In Britain soil erosion is less catas- 
trophic than in many other countries, but 
we plant trees for this purpose in water 
catchment areas and in shelterbelts on 
exposed land. 

The most important imponderable bene- 
fit which forestry can provide for the 
British people is an insurance against a 
timber shortage during an emergency. 
Our unhappy and alarming experience 
during two world wars, when we were to 
a large extent cut off from overseas 
supplies, stimulated the creation of a state 
forest service and the introduction of state 
control over private forestry. It was 
realised that, in order to prevent the re- 
currence of such a shortage, it was worth 
while to invest a large sum of money, even 
if the direct financial return proved to be 
low. Nevertheless, it can be shown that, 
even if this is our main objective, we 
should, as far as possible, adopt those 
methods of cultivation which lead to a 
high financial yield. We want a big 
volume of timber and we want it quickly 
and these ends are served by planting 
fertile land and by heavy thinning. In 
order to grow as much timber as we need, 
it may be necessary to include some land 
of poorer quality, but it is still worth while 
to secure as good land as is available and 
to grow trees in such a way that they 
mature quickly. 

Another imponderable objective which 
influences forest policy in many parts of 
Europe is the maintenance of communi- 
ties. Many well managed European 
forests yield a net annual return which 
represents less than 2 per cent. on the 
realisable value of the standing timber ; 
and if men were influenced solely by a 
desire for high productivity they would be 
tempted to fell all the timber in such 
forests and invest the proceeds in the 
development of other activities which 
could earn 5 or 10 per cent. ; and they 
might argue that the country would be 
benefited by this transference of capital, 
even if the forests were abandoned and the 
land subsequently produced nothing. But 
the destruction of the forests might also 
destroy the community of men and women 
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who rely on them for their livelihood and 
can enjoy a prosperous existence so long 
as the forest is maintained. The effect 
may be even more far-reaching, since the 
national well-being of some North Euro- 
pean countries is mainly dependent on 
their timber industry, and such countries 
have to impose a strict limitation on felling 
in order to ensure continuity of produc- 
tion. Foresters are everywhere confronted 
by the danger of felling too much and too 
soon, and this makes them resistant to any 
policy which smacks of getting rich quickly. 
But this should not make them blind to 
new methods by which a higher rate of 
interest can be earned by their forests. If 
productivity can be increased by introduc- 
ing faster growing species or races, by 
improving the fertility of the soil or by a 
different thinning technique, the forests 
will yield a higher national dividend. 

In Britain this justification for forests 
with low productivity takes rather a 
different form ; it may lead us to plant 
new forests in the highlands of Scotland 
and Wales on land which might otherwise 
be regarded as sub-marginal. Forestry is 
an activity which is well suited to these 
areas and once the forests are in full bear- 
ing they will support a considerable popu- 
lation which is profitably engaged in woods 
and sawmills. If it were restricted to the 
better sites in these regions, mainly the 
lower slopes of the mountains, forestry 
might be a profitable investment even by 
industrial standards; but the area of 
available sites of this quality is generally 
a small proportion of the whole and, if 
forestry were confined to them, it would 
not meet the social and economic needs of 
the people. So plantations are being made 
which may not justify themselves on purely 
financial grounds, plantations which may 
entail a considerable element of subsidy. 

This enterprise in the highlands may be 
compared with the heroic measures by 
which the Netherlands Government has 
created rich agricultural land through 
damming the Zuyder Zee and other areas 
below high tide level and pumping out the 
water. The sale value of this land is 
usually less than the cost of making it? 
and on a purely financial reckoning it 
might be shewn that the development is 


1 Private communication from the Agricultural 
Attaché to the British Embassy, The Hague. 
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uneconomic. But the social, and perhaps 
in an indirect way the financial, benefits 
which accrue from it are so outstanding 
that time after time the necessary funds 
have been voted for the purpose. 

The Dutch are a very land conscious 
people ; they are experts in farming and 
market gardening and nearly all their 
cultivable land is intensively utilised. If 
this were not so, if there were large areas 
which remained wholly or partially un- 
used, it is doubtful whether their people 
would have been willingly taxed in order 
to create more land. 

In Great Britain the Scots are more 
thrifty in their land use than the English 
and they have earned the right to invest- 
ment of this kind. But in England there 
is still a very large area of land which is 
only half used for farming, and may, in- 
deed, be sub-marginal for agriculture, but 
would be classed as high quality land for 
forestry. Much of this land has become 


swamped with bracken during the last half 
century and little of it has been cleared 
even in war-time. Some of it is being 
acquired for forestry but the changeover 
is pitifully slow ; and, until we are satis- 
fied that our better land is being utilised, 
it is difficult to justify the planting of areas 
on which the cultivation of trees can yield 
only a poor return. 
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SCIENCE AND RELIGION’ 
by 
Pror. C. A. COULSON, F.R.S. 


Ir will seem strange to many that when 
titles were being chosen for our evening 
discourses, the topic ‘Science and Re- 
ligion ’ should have been considered. Yet 
a topic of this kind is right in line with the 
history of our Association. As many of 
you will know, certain of our meetings in 
former years have provided an occasion 
for some of the most fiery debates between 
the representatives of organised religion 
and professional scientists. In a few 
minutes I want to speak of some of them, 
and I shall show how inevitable they were, 
if scientists were to be allowed to consider 
the implications of their study. Even if 
it be true, as I shall hope to explain before 
I finish, that these disputes represented a 
stage out of which we are beginning to 
grow, my task will still be a most delicate 
one: neither Scylla nor Charybdis are 
particularly attractive anchorages. Nor 
can I forget the opprobrium that has fallen 
upon previous speakers who, in the words 
with which you invited me to speak to you 
tonight, gave a ‘ philosophical discourse ’ 
of thiskind. For it was less than ten years 
after our Association had been founded 
that a certain dean of York wrote a pamph- 
let with the engaging title ‘A remon- 
strance upon the dangers of peripatetic 
philosophy ’—a pleasantly ornate label 
for the B.A. ; and when the B.A. met for 
the first time at Oxford in 1832, John 
Keble—that most lovable and _ serene 
character—wrote to his friend Dr. Pusey : 
‘The Oxford doctors have truckled sadly 
to the spirit of the times in receiving the 
hodge-podge of philosophers as they did.’ 
When we reflect that this ‘ hodge-podge ’ 
included David Brewster, Michael Fara- 
day and John Dalton, we can begin to see 
how hard the going must have been in 
those days. It is easier now : how other- 

1 Evening discourse delivered at Oxford on 


September 5, 1954, during the Annual Meeting of 
the British Association. 


wise could one of our cheaper national 
newspapers have dared to refer to me, 
when I held the Chair of Theoretical 
Physics at King’s College, London, as 
* Professor of Theological Physics ! ’ 

Let me pause for a moment to outline 
the way in which our thoughts will go. In 
view of the famous acrimonious debates of 
the past, many of them, oddly enough, 
occurring on the occasions when it was 
Oxford’s turn to act as host to the Associa- 
tion, I want to bring the whole issue of 
science and religion out of cold storage. 
I want to look dispassionately at some of 
these conflicts, and try to discover what 
were the real motivating influences behind 
them. As we shall see, these influences 
were often disguised by the manner of the 
debate. This will lead us to ask just what 
the two sides were defending, and will help 
us to see that, in their way, they were both 
right to make such a defence. But neither 
side can rest indefinitely in the stalemate 
which has characterised their mutual re- 
lationship for the last fifty years. Indeed 
new discoveries, carrying with them a new 
outlook, seem to me to have led us to a 
new position in which what is true and 
best in both camps should be found ac- 
ceptable to the representatives of either 
party. So before I finish I shall want to 
say where I think all this is leading us, and 
refer to a sense of urgency which we dare 
not reject from all our discussions of these 
things. 

Now let us come to the main argument. 
Many people have the impression that 
science and religion have always been at 
loggerheads with each other. Nothing 
could be further from the truth. And 
even so far as our own Association is con- 
cerned, if we want to trace the background 
in which the conflict developed, we shall 
find that the first phase was one of co- 
operation, and not mistrust. For ex- 
ample, the proposal to establish the B.A. 
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was made at the inaugural meeting in 
York in 1831, and it was made by Vernon 
Harcourt, the physical chemist, also at the 
same tir..e a clergyman. Two of our first 
three presidents were in holy orders : and 
—in some ways the most remarkable 
feature of all in an age when physical de- 
terminism was widely held—out of the 
nine original members of the first com- 
mittee for what we now call Section A, 
mathematics and physics, more than half 
were clergymen. It is interesting to recall 
the sequence in which Sir David Brewster 
listed the various social and intellectual 
groups represented at that first meeting— 
‘our nobility, clergy, gentry and philos- 
ophers.’ There could be no doubt about 
the intimacy between scientific and ec- 
clesiastical interests at that time, even if 
the ‘ hodge-podge of philosophers’ did 
come last on the list. The historian of 
that meeting at York could write: ‘To 
the Church, therefore, the British Associa- 
tion is deeply indebted.’ And he goes on 
to give the reason for this in his next 
sentence. It is because ‘ true religion and 
true science ever lead to the same great 
end, manifesting and exalting the glory 
and goodness of the great object of our 
common worship.’ 

This sort of thing needs to be said, to 
give us a sense of perspective. Because it 
is so important, I am going to give you one 
more illustration of the absolute natural- 
ness with which it was assumed that 
science fitted in with religion, and would 
lead from the daily experiences of the 
laboratory to the awe and wonder of faith. 
The more we understood the world that 
God made, the fuller and more natural 
would our worship be. The eighth meet- 
ing was at Newcastle, and was attended 
by Adam Sedgwick, a former president, 
and Woodwardian Professor of Geology 
at Cambridge. This is how Sir John 
Herschel in a letter to Lady Herschel, 
described his activities at that meeting 


in 1838: 


‘ All the show is over . . . Sedgwick 
wound up on Saturday with a burst of 
eloquence of astonishing beauty and 
grandeur. But this, I am told, is 
nothing compared to an out-of-door 
speech, address or lecture which he read 
on the sea-beach at Tynemouth to some 


3,000 or 4,000 colliers and rabble (mixed 
with a sprinkling of their employers), 
which has produced a sensation such as 
is not likely to die away for years. I am 
told by ear and eye-witnesses that it is 
impossible to conceive the sublimity of 
the scene, as he stood on the point of a 
rock a little raised, to which he rushed 
as if by a sudden impulse, and led them 
on from the scene around them to the 
wonders of the coal-country below them, 
thence to the economy of a coal-field, 
then to the great principles of morality 
and happiness, and at last to their 
relation to God, and their future 
prospects.’ 


Now whatever you may say about that, 
you cannot deny the naturalness and 
coherence that breathe in every word of 
it: and which characterised the earliest 
days of the B.A. 

But it broke down: and here is the 
second stage of our story. Even in those 
earliest days there were rumbles of what 
later became a thunderous discord. At the 
time when the Association was founded, 
James Hutton had been dead for a mere 
thirty-four years; and thanks to his 
pupil John Playfair, his ideas of the de- 
velopment of the earth’s crust, carrying 
with it a time-scale vastly different from 
that generally accepted on the basis of the 
early chapters of Genesis, were gaining 
credence. Now the president at our first 
Oxford meeting in 1832 was none other 
than William Buckland, professor of geo- 
logy here and canon of Christ Church. 
In his Bridgewater treatise with the title : 
‘ Geology and Mineralogy considered with 
reference to Natural Theology’ he threw 
overboard the traditional dating of the 
earth, declared that the Bible does not 
contain ‘ historical information respecting 
all the operations of the Creator’ and 
accepted the impossibility of a literal 
reconciliation with Genesis. He was vio- 
lently attacked, particularly so at a later 
meeting in York (1844), and the battle 
was joined. No one now disputes the 
geologist’s main claims; the rearguard 
action which was fought by certain ele- 
ments in the Church was completely un- 
successful. No one now pays any atten- 
tion to arguments of this kind in favour 
of a literal acceptance of Genesis: and 
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indeed we laugh at them. But perhaps 
we should remember, to our shame, that 
a pamphlet with the delicious title : ‘ The 
Bible defended against the British Associa- 
tion,’ which followed the York meeting of 
which I have just been speaking, ran 
through no less than five editions in a 
single year. The conflict could hardly be 
called trivial in view of such wide support 
for the losing side. However, before we 
leave this particular dispute, please notice 
that the first protagonist of these ‘ hereti- 
cal’ ideas in our Association was an 
official member of the church, holding 
very high office : (Buckland later became 
Dean of Westminster) : and that the man 
who most effectively rebutted the literal- 
ists at York was Rev. Adam Sedgwick, 
whose doings at the Newcastle meeting I 
have already described. We had better 
be careful before we condemn the church 
too severely. 

This was not the only dispute ; nor was 
it the most famous. Charles Darwin’s 
Origin of Species was published in 1859, 
with its claim that biological species are 
not fixed, but develop gradually in accord- 
ance with the conditions most suitable for 
survival. His book dealt only with the 
lower animals, but he did allude to the 
application of his ideas to human evolu- 
tion when he wrote : ‘ Much light will be 
thrown on the origin of man and his his- 
tory.” It was left to Thomas Henry 
Huxley in 1863 to coin the phrase ‘ Man’s 
Place in Nature’ and draw out the impli- 
cations of Darwin’s original ideas. As 
might be expected, the publication of the 
Origin was the occasion for much enthu- 
siasm and much execration. Scientists 
themselves were by no means u.ianimous 
among themselves, men like the anatomist 
Owen disapproving and writing an anony- 
mous review to prove Darwin entirely 
ignorant, himself entirely wise: and 
others like T. H. Huxley, supporting. 

This was the situation when, at the end 
of June 1860, our Association met again 
in Oxford. Darwin himself was not well 
enough in health to attend, much less to 
speak. But Huxley and Hooker were 
there, and with Owen and his friend 
Samuel Wilberforce, Bishop of Oxford on 
the other side, the scene was set for what 
is possibly the most famous public meeting 
ever to be held in this city. The New 


Science and Religion 


Museum, in Parks Road, was just about 
complete, and those of you who wish can 
still see the plaque which marks the spot 
where the debate took place. After some 
initial papers, impatiently received, the 
Bishop was announced to speak. In the 
Quarterly Review he had declared that ‘ the 
principle of natural selection is absolutely 
incompatible with the word of God,’ and 
his followers had thundered a score of other 
denunciations after him. ‘ Evolution was 
an attempt to dethrone God ’ ; if its thesis 
were true then ‘ Genesis is a lie, the whole 
framework of the book of life falls to 
pieces, and the revelation of God to man, 
as we Christians know it, is a delusion and 
a snare.’ Now, at this meeting, he pro- 
ceeded to ‘spout for half an hour with 
inimitable spirit, ugliness and emptiness 
and unfairness.’ He was fluent, clever, 
first jovial, then scoffing and later ridi- 
culing. It was not for nothing that he had 
been nicknamed Soapy Sam, and explained 
it by saying that it was because when 
he got into hot water, he always came out 
clean! But now he made a fatal mistake. 
Turning to Huxley he sarcastically en- 
quired whether it was through his grand- 
father or his grandmother that he claimed 
descent from a monkey. Huxley was 
furious, and rose to answer him. There 
used to be some considerable uncertainty 
about the precise answer that he made, 
but Mr. D. J. Foskett has recently un- 
earthed a letter written by Huxley himself 
to a Dr. Dyster less than three months 
later. It is worth quoting at some length. 


‘When I got up I spoke pretty much 
to the effect—that I had listened with 
great attention to the Lord Bishop’s 
speech but had been unable to discover 
either a new fact or a new argument 
in it—except indeed the question raised 
as to my personal predilections in the 
matter of ancestry—that it would not 
have occurred to me to bring forward 
such a topic as that for discussion my- 
self, but that I was quite ready to meet 
the Right Rev. prelate even on that 
ground. If then, said I, the question is 
put to me whether I would rather have 
a miserable ape for a grandfather or a 
man highly endowed by nature and 
Possessing great means and influence 
and yet who employs those faculties 
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and that influence for the mere purpose 
of introducing ridicule into a grave 
scientific discussion—I unhesitatingly 
affirm my preference for the ape.’ 


After that it was all Huxley—and his 
friend Hooker. As Huxley himself whis- 
pered to the person sitting at his side— 
‘ The Lord hath delivered him into mine 
hands.’ However, before we leave this 
topic, I would like you to notice two 
things. First that at one stage Darwin, 
the originator of all this trouble, seriously 
contemplated ttaking Holy Orders, and 
in the last sentence of his Origin of Species 
referred to the ‘ grandeur in this view of 
life with its several powers having been 
originally breathed by the Creator into 
a few forms, or into one, and that... 
from so simple a beginning endless forms 
most beautiful and most wonderful have 
been and are being evolved.’ And 
second, notice that it was a professional 
theological, Canon Tristram, who was the 
first outside Darwin’s immediate circle to 
use the theory of natural selection when 
explaining the colours of desert birds ; and 
another, Rev. W. N. Molesworth, who at 
the 1862 meeting stood up to support the 
necessity for theories such as Darwin’s in 
the words : ‘ Let us push our investigation 
of the Creator’s works in every direction, 
without the slightest fear that scientific 
truth can ever clash with moral and re- 
ligious truths.’ Again we had better be 
careful before we indulge in too wholesale 
a condemnation. 

I have spent perhaps longer than it 
deserved on this little storm in an Oxford- 
Victorian-teacup. And I shall need much 
less time to describe the third famous 
struggle. In any case it followed almost 
inevitably from the others. I refer to the 
doctrine of freewill. Less than fifteen 
years after the Darwin episode, at the 1874 
Belfast meeting Huxley delivered his lec- 
ture ‘On the Hypothesis that Animals 
are Automata, and its History.’ He re- 
jected freewill as irrelevant to the be- 
haviour of animals, stating that thought 
was a by-product of the brain, and de- 
cision merely an apparent activity. At 
the same time Tyndall was no less definite : 
‘ We claim, and we shall wrest from theo- 
logy, the entire domain of cosmological 
theory.’ Matter indeed seemed the only 


thing that was important. ‘ Let us rever- 
ently but honestly look the question in the 
face. Divorced from matter, where is 
life? Whatever our faith may say, our 
knowledge shows them to be indissolubly 
joined.’ And later, speaking of the 
growth and development of human beings 
from the tiniest of fertilised eggs in the 
mother’s womb ; ‘ matter I define as that 
mysterious thing by which all this is 
accomplished.’ 

This, then, is the second stage of our 
story—the coming in of alternative views 
to the traditional religious ones, and the 
gradual widening of the area of conflict as 
one by one new discoveries were made in 
different fields of science. The Church 
was divided, but all too often it tried to 
establish hedgehog positions. It was in- 
evitable that those who sought to entrench 
themselves in this fashion should ultimately 
be forced to retreat. This has happened, 
sometimes grudgingly, sometimes bitter- 
ly. As Sir James Frazer puts it: ‘From 
one department after another the gods 
are reluctantly, or contemptuously, dis- 
missed.’ It must have seemed to many 
Christians (though not by any means to 
all) and also to practically all non- 
Christians, that in proportion as_ the 
geologist understood the structure of the 
earth and its rocks and stones, the engineer 
controlled the sources of power, the 
anatomist related thought to the pattern 
of electrical impulses within the millions 
of tiny electrical circuits of the brain, the 
psychologist knew men’s instincts and 
emotions, the geneticist his hereditary 
make-up, the physiologist his chemical 
needs, and the biologist painted some 
picture, however faint, of the whole 
evolutionary process, so God became un- 
necessary, a hypothesis for which there was 
no further use, an actor gradually pushed 
off stage into the wings since he has no 
part left to play. In Bernal’s phrase 
‘God remains as a vague mathematical 
idea in the minds of the oJder physicists.’ 

Before we come to the third stage of our 
story it may be well to try to understand 
a little more of the effective factors in this 
second stage. To begin with, we can 
dismiss the view that either one or the 
other party was acting out of malice or in 
any spirit of light foolishness. The repre- 
sentatives on both sides, from Soapy Sam 


324 


to th 
silly 
they 
Chu: 
than 
occa 
case- 
then 
valic 
3 If w 
: I be 
and 
deve 
ther 
hide 
Pr 
: part 
a pi 
ence 
whit 
mea 
othe 
: elen 
: mor 
L 
viev 
mak 
exp 
moc 
witl 
con 
Whi 
true 
he 
cou 
fitte 
incc¢ 
cou 
not 
be 
the 
this 
: Thi 
stat 
ind 
ner 
con 
fied 
tha 
Wh 
opt 
fort 
for 
tire 
refi 


to the rugged T. H. Huxley, were not 
silly irresponsible people. However badly 
they may have behaved—and here the 
Church seems to me to score fewer marks 
than the scientists, though on some later 
occasions the converse may easily be the 
case—and however badly they expressed 
themselves, there must have been some 
valid basis for which they were fighting. 
If we can once understand this basis, then 
I believe the whole story falls together, 
and we can see where the third stage of the 
development is likely to lead us. I must 
therefore spend some time laying bare the 
hidden causes of the conflict. 

Putting it in its simplest terms the two 
parties were fighting for the right to make 
a pattern out of certain of their experi- 
ences—a pattern which would be coherent, 
which would satisfy its architects as 
meaningful, and render unnecessary any 
other pattern. This, you may say, is 
elementary. So it is, but I am more and 
more convinced that it is central. 

Let us think of it first from the point of 
view of the scientist. He was trying to 
make sense out of certain aspects of his 
experience. He was making pictures, and 
models that would somehow correspond 
with reality. His pattern was built round 
concepts, in the last resort unprovable. 
When he said that a scientific theory was 
true, he meant that all the measurements 
he could make at present, all the results he 
could obtain so far, were by this theory 
fitted into a wider scheme, and caused no 
inconsistency in the fitting. Later, of 
course, new observations might be found 
not to fit, and some of his concepts would 
be modified accordingly. But whether 
the models that he invented to describe all 
this, were really true—that was irrelevant. 
This is not to say that he necessarily 
stated things so precisely as this—and 
indeed he very seldom did—but the man- 
ner in which he has always modified his 
concepts when necessary, a process digni- 
fied by the title of ‘ generalising °—shows 
that he has in fact acted in this fashion. 
When Newton at the beginning of his 
opticks, wrote that ‘ God in the beginning 
formed matter in solid, hard, impenetrable 
moveable particles,’ there are no grounds 
for supposing that he meant it in an en- 
tirely literal sense. Indeed he steadily 
refused to enquire about the origins of 
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these particles : what he wanted them for 
was as convenient concepts in treating, 
strange as it may seem, solid bodies. 
These little particles were a framework 
on which the behaviour of earths and 
moons and falling stones could be exhibited 
in such a fashion that it made sense. It 
was Newton’s greatness that he could 
himself invent these impenetrable moving 
particles : for they were his creation, not 
God’s. 

This situation is typical of other branches 
of science also. Each one of us, as a 
scientist, whether physicist, chemist, bio- 
logist or psychologist, is building a pattern. 
And the criteria which must be satisfied 
are that the pattern shall be coherent and 
meaningful. This is all so important, and 
yet so often unrecognised, that I would like 
to illustrate it by two examples that have 
recently been of some interest to me per- 
sonally. The first which comes from 
astrophysics has no significant practical 
application ; the second, from the theory 
of electricity, has much. 

During the last thirty years enormous 
progress has been made in our under- 
standing of the age of the Universe. If, 
for the moment, we pass.over the exciting 
theories of continuous creation due to 
Bondi, Hoyle and their colleagues, and 
accept the view that long ago there was 
one rather unique moment of time, then 
a tremendous amount of evidence all 
seems to be converging on the value of 
about six thousand million years for the 
period that has elapsed since that particu- 
lar event. At that time it seems that the 
whole Universe was concentrated in an 
exceedingly small region, from which it 
has subsequently been continuously ex- 
panding. It is a tantalising project to 
discuss the early stages of this expansion, 
and several distinguished physicists have 
tried their hand at it. In the latest of 
these, associated with the names of Gamov, 
Herman, Alpher and Hayashi, an attempt 
is actually made to describe the behaviour 
of the primitive stuff of the Universe 
following a period as short as one ten- 
thousandth of a second after zero-hour. 
In its simplest terms it seems that whereas 
our present stage of evolution is one 
characterised by a preponderance of 
matter over radiant energy, in those 
earliest moments it was not so, and almost 
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everything was radiation. Until the uni- 
verse was five minutes old its temperature 
would appear to have been at least a 
thousand million degrees, so high that 
matter would almost wholly convert itself 
spontaneously into radiation. But by the 
end of half an hour this temperature would 
have fallen sufficiently for matter to be- 
come dominant, and for radiation in- 
creasingly to turn into protons and neu- 
trons. Within an hour or so the genesis 
of the elements, light and heavy, would be 
practically complete. 

The amount of detail in all this is 
frightening. And it all forms a thrilling 
pattern. Yet there is not one single aspect 
of it which can conceivably be tested ex- 
perimentally. The very nearest that we 
can get is to invoke some metaphysical 
notion of the Uniformity of Nature, and 
try to reproduce tiny elements of the great 
pattern millions of years afterwards in one 
corner of that same wide universe. The 
meaning, the coherence, the satisfaction 
all lie in the concepts, with which we are 
operating—and these, from the nature of 
things, are unprovable. We accept the 
whole lot because it all ‘ makes sense’ to us. 

I will not spend long on my second 
example. But it is revealing in that it 
shows the power of our concepts to devise 
new tools and direct experimenters into 
new lines of research. A few weeks ago 
I was present at a small conference called 
to discuss certain confidential projects 
involving semi-conductors. If certain 
conditions can be satisfied, and suitable 
materials be obtained, it should be possible 
to revolutionise a large part of the electri-. 
cal industry of the world. In one of the 
introductory papers at this conference the 
author listed certain physical properties 
of a suitable semi-conductor. Now let us 
quote his words. They ‘ may be reduced 
essentially to the following: (never mind 
if the individual items convey no meaning 
to you) 


(a) the energy gap, 

(6) mobility of electrons, 

(c) mobility of holes, 

(d) effective mass of electrons, 

(e) effective mass of holes, 

certain surface properties (e.g. 

surface state density, surface recombina- 
tion velocity).’ 


He lists seven factors which govern a 
matter of absolutely first-class priority. 
Yet not one of these can be said to be 
‘real’ in any naive sense. And in our 
power to operate with these concepts lies 
our chance of developing new valves, new 
rectifiers, and much else. 

Both of these examples show us that the 
scientist is fighting for the right to intro- 
duce concepts—and with them to create 
a meaningful and coherent pattern. Karl 
Pearson used to speak of scientific theories 
as ‘ mental shorthand ’—though as I shall 
show in a moment, that is inadequate. In 
the famous phrase of Kant, scientists are 
not really discussing ‘ things-in-themselves,’ 
but merely concepts which represent them 
to us, and with which we can operate, to 
order and classify experience. Such at any 
rate is the account that people like Poin- 
caré and Ernst Mach of the nineteenth 
century and Pierre Duhem of the twentieth 
century, have given. We do not ask 
whether a theory is true—we only ask 
whether it does justice to the experiences 
that prompt it. Certainly any outside 
influence, or vested interest, anything 
which might interfere with, or detract 
from, or even compete with, his scheme of 
concepts, was bound to be anathema to 
the scientist. Hence his almost instinctive 
jump away from organised religion, and 
at the same time his strong left-wing 
tendencies in politics. 

This leads us to ask what we can say 
about the Christian in all this dialectic. 
Surely at least this, that he too has his 
concepts—he speaks of good and evil, of 
purity and sin, of new life and new birth, of 
an indwelling spirit and a personal saviour. 
(Of course there is more, and even as I 
speak I know I shall get into trouble with 
certain of my colleagues!) Not one of 
these concepts is strictly provable, and we 
must judge them by the cogency of the 
whole pattern that they form. To speak 
like this is not heresy, however strange it 
may seem to some people. Here, for 
example, is Martin Luther, in his Com- 
mentary on the Book of Daniel, telling 
us what is a real and true conception of 
God : 


‘A God is simply that whereon the 
human heart rests with trust, faith, hope 
and love. If the resting is right, then 
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the God is right ; if the resting is wrong, 
then the God, too, is illusory.’ 


A scientist could hardly hope to put his 
grounds for belief in science and scientific 
concepts more succinctly. 

We can see why Bishop Wilberforce was 
worried. When he spoke of ‘ the book of 
life ’ falling to pieces, what he meant was 
that he feared lest the acceptance of a 
theory of evolution should whisk away 
some of the cornerstone bricks in his mental 
edifice. Putting it in the way that I have, 
it was inevitable that a clash of this kind 
should occur: and equally certain that 
it would rest on misunderstandings. The 
sets of concepts are, after all, concepts and 
not things-in-themselves : they operate 
only within their own boundaries: they 
can only clash through one or both of the 
parties failing to see what their concepts 
really are. The book of life does not depend 
in any sense upon the literal acceptance of 
the Book of Genesis, but upon the meaning 
which that book was intended to convey. 

So also, in one of the later episodes to 
which I referred a few moments ago, the 
excellent Professor Tyndall was simply 
beating the air when he boasted the claim 
of science to ‘wrest from theology the 
entire domain of cosmological theory.’ 
He could not possibly hope to wrest this 
back from theology for the simple reason 
that it had never truly been there. And 
as for his discussion of matter and life, 
again the conclusion is in similar terms. 
‘Matter’ is a concept with which we 
operate within certain fields of discourse. 
If his particular concept of matter is that 
it represents ‘ that mysterious thing’ by 
which all growth etc. is accomplished, there 
is nothing more to be said about the de- 
pendence of life on matter and the possi- 
bility of survival, or, indeed, about the 
inevitability of a strict materialism, except 
perhaps quietly to remind him that the 
concept is his, so that other people who 
do not share his particular predilections 
in this respect, must be granted the right 
to other concepts of matter. There seems 
no absolute ground for rejecting one or the 
other. We must only ask of them whether 
they do justice to the phenomena which 
they relate together. We need not be 
surprised if sometimes one and sometimes 
another is the more suitable. 
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Anyone who doubts all this may reflect 
for a moment upon the way in which 
physics itself—one single discipline—is 
absolutely riddled with such apparent 
equivocations. Thus we work both with 
geometrical and wave optics; we treat 
electricity as sometimes a continuous 
flowing substance and sometimes as a dis- 
continuous flow of electrons and even of 
holes : we assert that heat is a form of 
kinetic energy, but we set up equations 
for the flow of heat just as if it were the 
old-fashioned substance caloric. We have 
grown so used to all this that no one 
bothers much about it. What—to return 
for a moment to the second stage of our 
main theme—was most unlikely to happen 
in the early stages of the growth of modern 
science was that we should any of us be 
big enough mentally to carry the same 
process which we accept within one dis- 
cipline, into the wider domain of the 
relation between the separate disciplines. 
If only the Christians of the nineteenth 
century had had the imagination and 
elasticity of mind to see that the new and 
growing patterns of science could answer 
just as well and, at the same time, just as 
incompletely, to the question, ‘do the 
concepts do justice to the situations they 
describe ?’ ; if only the scientists, in their 
terrific excitement about the wonders 
that their discoveries were revealing, could 
have paused to reflect that there might be 
alternative patterns to their own; it 
might have been possible to avoid a con- 
flict. Even now neither side seems able 
to do this easily. Only the other day, for 
example, I found at the beginning of a 
book by a distinguished scientist, the asser- 
tion that ‘ one, and only one, description 
of any situation can be true.’ And in 
certain branches of the Christian Church 
any discussion of specifically religious con- 
cepts and patterns, which are now vener- 
ated under the label of ‘ dogma,’ is carried 
on with the implicit assumption that if 
their particular account of things is true, 
no other account can be true also. We 
have much to learn still. 

What those former Christians should 
have done when they were worried about 
the rival claims of the newer science, was 
to ask whether their own particular con- 
cepts did or did not do justice to the whole 
history of Christian behaviour. I believe 
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they would have found it true then, as I 
believe it to be true now, that no one who 
looks fairly at a reasonable sample of 
actions which claim a religious sanction, 
can honestly affirm that they do not match 
the beliefs out of which they spring. It is 
not the dramatic, out-of-the-way, esoteric 
experiences of famous saints, of which I 
am speaking, but of the daily life of 
thousands of people, unknown by name 
and humble in their living ; it is these 
latter, extending in an unbroken tradition 
for two thousand years, which convinces 
me that when they say that it is God 
working through them, I have neither the 
right nor the knowledge to reject their 
testimony. The concepts are validated 
because they do indeed do justice to the 
richness of life associated with them. And 
all this is entirely independent of whether 
any other interpretation may or may not 
be possible. 

Perhaps even the strange remark of 
John Keble which I quoted at the be- 
ginning of this discourse finds its real 
interpretation here. It was because ‘ the 
Oxford doctors’ have ‘ truckled sadly to 
the spirit of the times’ that they were 
blamed in connection with the visit of the 
hodge-podge of philosophers. Science, in 
its new sense, was not the same as science 
in its older, Aristotelian, sense. Indeed 
it is astonishing to realise that even the 
word scientist was only coined in the last 
century by William Whewell, an early 
friend of the B.A. and its president in 
1841, the same year that he became 
Master of Trinity Cambridge. Naturally, 
there would be conflict, though the way 
in which it expressed itself might not 
always be a sure indication of the hidden 
historic reasons for it. As the Marquis 
of Salisbury said from the chair of the 
1894 Oxford meeting, speaking of some 
of the controversies that we have been 
reviewing: 


‘It was popularly supposed that deep 
divergencies upon questions of religion 
were the motive force of those high con- 
troversies. To some extent that im- 
pression was correct. But men do not 
always discern the motives which are 
really urging them, and I suspect that 
in many cases religious apprehension 
only masked the resentment of the older 


learning at the appearance and claims 
of its younger rival.’ 


That was in 1894. Dare I say that the 
ghost of that apprehension and that re- 
sentment still occasionally treads the 
streets of this city, and even haunts these 
very walls when the University meets to 
transact business and to make decisions ? 
The ‘ spirit of the times ’ has seldom been 
persona grata in an older university. 

We are now ready to pass to the third 
stage of our story. The second stage—of 
conflict, followed by a gentlemen’s agree- 
ment that neither the religious party nor 
the scientific party would interfere too 
openly in the affairs of the other—could 
not last. At best, if we were honest, it 
could only be regarded as provisional ; at 
worst it could be maintained only by a 
wilful blindness and a refusal to face 
certain rather tiresomely awkward ques- 
tions. In the last fifty years it has become 
impossible to escape some of these latter 
questions. 

The change has been most pronounced 
in the field of science. Several discoveries 
have been made about the way in which 
science works ; some of these appear quite 
disconcerting, at first. For example, it 
has always been well-recognised that in 
its attempt to describe and to understand 
nature, science has had to simplify a very 
complex situation. Scientists have tried 
to do this by cutting themselves out of the 
picture that they were painting, and by 
becoming merely observers of an inde- 
pendently existing order. Sometimes we 
called it an objective view of the universe, 
sometimes we chanted Theodor Momm- 
sen’s famous phrase ; ‘Science without 
presuppositions.’ Such a simplification of 
experience was possible in the early days. 
But as science grew and took into itself 
more and more of the totality of human 
experience it became difficult to continue 
this policy. In the earlier framework it 
was quite proper for Heisenberg to say 
that the concept of a ‘ soul ’ finds no place 
in pure physics. Indeed, how on earth 
could it, if the physics were to remain 
pure? But one of the most interesting 
problems which have been thrown up by 
modern physics is the question of the dis- 
tinction between observer and observed. 
If we start with the naive assumption of 
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an external world existing independently 
of ourselves, and consider carefully the 
way in which our awareness of it is bound 
up with the processes of observation and 
measurement and interpretation, we find 
that we can never clearly separate our- 
selves from the results of our measure- 
ments. If it is true, as Professor Frisch 
has put it, that when we ask a question of 
nature, she will 1espond by being altered, 
by soever little, then nature and man share 
an unsuspected intimacy. Even to look 
at an electron is to deflect it, to force into 
one or other quantum state defined by 
the process of our looking. Seen in this 
way there is no hope of ever fulfilling 
Helmholtz’s claim, that ‘the final aim of 
all natural science is to resolve itself into 
mechanics.’ For in the last resort there 
can be no such thing as physical science 
distinct from biological science. All 
science is biological, however little it 
appears to resemble what we convention- 
ally mean by that phrase. 

But there are other developments too. 
Men have studied the way in which 
scientists go about their job, and their 
relationships with each other. As Pro- 
fessor Polanyi has pointed out, there is 
ultimately no such specimen as a ‘ lone 
scientist.” For even the most remote 
worker, making his researches in the 
hidden privacy of his own secluded study, 
belongs to the scientific community, in- 
herits its traditions, learns its methods, 
conforms to its basic ethos and spirit, 
accepts and builds on the work of others, 
even as he himself hopes his work may 
be the ladder on which his successor 
climbs. We speak of ‘ schools’ of science 
in our universities, and trace the manner 
in which the personalities of the great men 
who are their leaders, the Rutherfords, the 
J. J. Thomsons, the Batesons and the 
MacDougalls, are impressed upon their 
followers. We notice how even in mathe- 
matics there are classical and romantic 
epochs, reflecting a relationship to the 
wider community. I have just said that 
all science is biological : I now must add 
that it is social. 

Even this is not all. People have asked 
about the processes of the imagination 
which are involved in scientific effort, and 
have sought to comprehend its appeal to 
those who practise it. This is not easy, 
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for most of us are pretty dumb when it 
comes to saying how our occasional bright 
ideas have come, and we become shy and 
self-conscious when people ask us why we 
like our work. Yet I recall that Max 
Planck could say that ‘science was a 
created work of art: for new ideas are 
not generated by deduction, but by a crea- 
tive imagination.’ And that when Jacobi 
was being reproached by Fourier for not 
spending enough time on the solution of 
certain rather practical problems in the 
conduction of heat, he replied: ‘It is 
true that M. Fourier has the opinion that 
the principal aim of mathematics is public 
usefulness, and the explanation of natural 
phenomena ; but a philosopher like him 
should know that the sole end of science 
is the honour of the human mind.’ These 
are great words, and we might hesitate to 
apply them too directly to ourselves. But 
I imagine we should all admit that, some- 
how, we found in science something that 
satisfied and fulfilled a part of ourselves. 
At least we can say that we do science 
because we like it, and discover a thrill at 
the progressive understanding of the 
natural order in which we co-operate. To 
many among us it will not seem out of 
place to speak of this sense of given-ness as 
a revelation. We may not feel able to 
apply Jacobi’s words to ourselves, but 
others can do it for us. Here, for example, 
is Etienne Gilson, the Canadian philo- 
sopher, writing about this very situation, 
that ‘ such is the true reason why, far from 
keeping away from science, a truly re- 
ligious mind should do its utmost to follow 
it in its progress, as the most perfect 
homage rendered by nature to its creator.’ 
Charles Darwin, towards the end of his 
life, regretting that his concentrated effort 
in scientific study had atrophied much 
else of his earlier interests, could say—as 
many of us would feel we too could say— 
that ‘I believe I have acted rightly in 
steadily following and devoting my life to 
science.’ Not only is science biological 
and social: it is artistic and vocational, 
ie. is of the spirit. 

We still cannot stop. It is not only 
those of us who happen to be scientists, 
who are affected by the spread of science. 
Many of you will know Lecky’s words : 
‘It is impossible to lay down a railway 
without creating an intellectual influence. 
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It is probable that Watt and Stephenson 
will eventually modify thé opinions of 
mankind as profoundly as Luther and 
Voltaire.’ To-day we should want to put 
other names into that sentence, but its 
truth is still as cogent. And it has always 
been so, though people arguing academic- 
ally about science in a lecture-room have 
not always realised it. ‘ Whether it be 
the erection of a lighthouse on the lonely 
rock at sea,’ said Sir Frederick Bramwell, 
our President in 1888, ‘ whether it be the 
crossing of rivers or seas . . . whether it 
be in the production of the mighty ocean 
steamer, or in the spanning of valleys, the 
piercing of mountains, . . . the work of 
the civil engineer is not of the earth 
earthy.’ A quite brief study of the titles 
for our presidential lectures in recent 
years, show how profoundly we are all 
aware of this. Exactly the same is true 
of our American counterpart. There is 
no better way of describing it than in 
some words of Mr. Bernard Barber in his 
recent book on science and the social 
order: ‘ Science is a moral enterprise.’ 
This does not by any means exhaust the 
discoveries which scientists have recently 
been making about themselves. And 
before I leave this matter there is some- 
thing more which must be said. When 
Huxley, in the 1868 Norwich meeting, 
gave a lecture with the title ‘ A Piece of 
Chalk,’ his biographer said that for him 
and his hearers it became a ‘ window into 
the infinite.’ It was as if the concepts and 
pattern of science were not merely satis- 
factory ways of relating together the varied 
experiences associated with a piece of 
chalk: rather was it true that in some 
strange way the scientific account went 
beyond what it was originally designed to 
do ; it became a window. I believe that 
this is true quite generally of much of our 
science. And those who look through 
this window can never be uninfluenced by 
what has been revealed to them there. It 
was Sir William Bragg who used to say 
how remarkable it was that whenever a 
man tried to set down in words those things 
which he had seen in the physical world 
around him, he could no longer remain 
unaffected by what he saw. It is hard 
for me to put what I want to say at this 
stage in simple and convincing words ; but 
it seems as if scientific truth was somehow 


inseparable from a personal relationship 
to the universe we study. W. K. Clifford 
at the end of the last century, could assert 
that truth is ‘not that which we can 
ideally contemplate without error, but 
that which we may act upon without 
fear.’ Is there not here some echo of 
other words, better known than those 
which I have just quoted ?—‘ Ye shall 
know the truth, and the truth shall make 
you free.’ Science and faith are speaking 
the same language. 

Huxley’s lecture could be called a 
‘window into the infinite.’ Now there 
are two respects in which the use of this 
word ‘infinite’ may be justified for 
science as a whole, and not merely for 
Huxley’s lecture. In the first place our 
science gives us that which I can call by 
no other name than insight ; not a collec- 
tion of facts, however well-arranged, but 
a feeling that in some sense we have come 
to grips with that which is outside us, and 
beyond us. Men look out from behind 
windows to that which lies away from 
them. So we can say of our science that 
it is not just a summary of past experience, 
but an opening of the clouds to show us 
something we could not otherwise have 
known ; something which manages to 
escape through all our formulae and our 
equations and our scientific laws, even 
though these very formulae and equations 
and laws are often the vehicle on which 
this insight comes to us. Here is the 
inadequacy of Karl Pearson’s description 
of science as ‘mental shorthand.’ To 
speak of science in such terms is to fail to 
do justice to the sense of revelation which 
is inseparable from it. Even Darwin, 
you remember, could speak of the 
* grandeur ’ of the theory of evolution. 

Linked with this is another respect in 
which we may rightly use the word in- 
finite about our science. I am thinking 
of the way in which no limits can be placed 
upon scientific enquiry. There is no field 
of science, which can be fenced off and 
kept as a private preserve, distinct from 
other fields of human experience. ‘ Scien- 
tific thought,’ said Clifford in an essay 
with the title ‘The Unseen Universe’ 
which he contributed to the Fortnightly 
Review of 1872, ‘does not mean thought 
about scientific subjects with long names. 
There are no scientific subjects. The 
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essentially religious activity. 


subject of science is the human universe, 
that is to say, everything that is, or has 
been, or may be related to man.’ There 
is a profound difference here between 
science and art. For as Whistler said, 
‘Art, since it begins with the infinite, 
cannot progress.’ But science, beginning 
with the simplest conceivable ideas and 
experiments such as the rolling of balls 
down inclined planes, or the dissolving of 
common salt in water, moves forward in a 
ceaseless, if erratic, progress. It will never 
reach the infinite, but equally surely there 
are no limits to its advance. And whoever 
attempts to restrict science, or to confine it, 
or to use it for personal interest or private 
gain, blasphemes against the Holy Spirit. 
Now either all these things which I have 
just been saying are pure nonsense, or 
they have led us to a quite new situation. 
If science is biological, social, of the spirit, 
a moral enterprise, or, in Bishop Barnes’ 
phrase, ‘a purifying influence,’ and if it 
may be called a revelation, and if there 
are no limits to the objects of its study, 
then surely we can say of it what, in the 
second stage of our story, hardly anyone 
would have dared to say : science is itself 
It is not 
the whole of religion, but it is a part. It 
has its models, its concepts, its windows 
into the infinite: what hinders us from 
claiming that these are its revelation, just 
as other disciplines have theirs? But of 
course this revelation is not complete. As 
Pascal put it: ‘ The last step that Reason 
takes is to recognise that there is an infinity 
of things beyond it.? Or more recently, 
in the words of Erwin Schrédinger : ‘ The 
scientific world-view contains of itself no 
ethical values, no aesthetical values, not a 
word about our own ultimate scope or 
destination . . . its world-picture does 
not even contain blue, yellow, bitter, 
sweet, beauty, delight and sorrow.’ The 
operative words here are ‘ of itself.’ For 
my case is that pure science, science of 
itself, is absolutely sterile. Science as we 
know it, is part of man’s endeavour to 
know himself in his environment, and as 
it progresses it becomes most intimately 
related to all other ways of knowing. We 
have seen that what links it thus is the con- 
cept of a person. If you reject the réle of 
the person, then the models and patterns of 
science will leave no room for anything 
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else that coheres with them. But if you 
accept the réle of the person, and see 
reality as most closely bound up with 
people—their hopes and joys and fears 
and their relation with each other—then 
science becomes one of the languages in 
which God is described, and scientists are 
among the company of His heralds. In 
the words of old John Ray, science is ‘a 
fit subject for a Sabbath day.’ 

At last we can begin to see the true status 
of those apparent conflicts with which our 
Association has been be-devilled. They 
were growing pains, as science strove to 
establish its legitimate right to its own 
models, its own concepts, its own status. 
But now we see that when we speak of its 
own models, its own concepts, its own status, 
we must mean it in a relative and not an 
absolute sense. Science plays its part in 
the fulfilling of human life along with many 
other influences, and cannot be wholly 
separate from them. The scientist Max 
Planck could say : ‘ Religion and Natural 
Science are fighting a joint battle in an 
incessant, never-relaxing crusade against 
scepticism and against dogmatism, against 
disbelief and against superstition, and the 
rallying-cry in this crusade has always 
been, and always will be: On to God.’ 
And the philosopher Abdu’l-Baha said, 
* Religion and Science are the two wings 
upon which man’s intelligence can soar 
into the heights, with which the human 
soul can progress. It is not possible to fly 
with one wing alone. Should a man try 
to fly with the wing of religion alone he 
would quickly fall into the quagmire of 
superstition, whilst on the other hand, 
with the wing of science alone he would 
also make no progress, but fall into the 
despairing slough of materialism.’ 

If our conflicts were growing pains, we 
ought to be growing out of them. It is 
true that only a very small minority 
among us are any longer disturbed about 
Genesis and evolution and that kind of 
problem. I wish I could feel as happy 
in believing that we see the positive 
implications of the liaison of which I have 
been speaking. I said that before I 
finished I should speak of a sense of ur- 
gency that I cannot rid myself of. It is 
through the efforts of science and scientists 
that mankind has now acquired almost 
unlimited power. Do we know how to 
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use it rightly? Iam not sure. We have 
devised not one, but several, ways in which 
we can destroy one another from off the 
face of the earth. Most of us in the 
scientific movement are deeply troubled. 
We know the truth of Rabelais’ remark— 
Science sans conscience n’est que ruine de 
lame (Science without conscience leads 
but to the soul’s destruction). But many 
of us are puzzled because we don’t know 
what to do about it. I believe that our 
trouble is that we have forgotten some of 
those other elements of truth to which we 
are joined ; we have kept blinkers on our 
eyes when the circumstances of to-day 
require us to see the whole of life. The 
clue to our hestitation will be found in 
what is, for many of us, an inadequate 
concept of what is a human being. Here 
science can help, and help enormously ; 
but it is not enough by itself. We must 
be willing to open our hearts and minds 
to the revelation of truth of whatever 
school or subject. The hodge-podge of 
philosophers owes it to the community to 
recover the spiritual heritage of the rock 
from which they were hewn. When I 
think of the awful responsibility of decision 
in such matters as the hydrogen bomb, 
then I am tempted to argue that unless 
we can bring together science and con- 
science, power and purpose, freedom and 


responsibility, civilisation itself has only a 
bare chance of survival. 

My discourse therefore ends on a serious 
note. In his speech proposing the forma- 
tion of our Association in 1831, Vernon 
Harcourt said : ‘ The chief interpreters of 
nature have always been those who 
grasped the widest field of enquiry, who— 
felt an interest in every question which the 
one great system of Nature presents.’ In 
1954 I want to go on from there and say : 
Not until the power conferred by our 
knowledge has been recognised as God’s 
gift, enabling His children to grow up into 
fully developed men and women; not 
until man’s new independence is seen to 
be but the liberty of the children of God ; 
not until man’s patient observation of the 
world around has led him on to awe and 
then to worship ; not until our science 
has shown us with what rich lustre the 
heavens declare the glory of God, and the 
firmament shows His handiwork ; not until 
then can human faith be as it was meant 
to be, nor human life fulfil its proper 
destiny ; nor shall we see how all things 
are summed up in Christ, both things on 
earth and things in Heaven; and our 
hearts be so astonished at the splendour . 
of God’s creation that they grasp eternity 
in a moment of time, and are lost in 
wonder, love and praise. 
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CONJECTURE AND RISK’ 
by 
Pror. JOHN COHEN 


In 1654, exactly three hundred years ago, 
the Chevalier de Méré, a mathematically 
inclined gamester, sought the advice of 
Pascal on the problem of dividing the 
gains in games of dice. In doing so he 
started a train of thought which has led, 
during the intervening three centuries, to 
the development of the immensely im- 
portant theory of probability. 

The mathematical probability that has 
been the subject of interest since the days 
of Pascal may be contrasted with the pri- 
vate or subjective world of psychological 
probability, based on partial knowledge, 
and embodied in the daily perceptions, 
choices, judgments and predictions of the 
individual. Although certain writers have 
spoken of ‘ subjective probability ’ in the 
sense of personal expectation, they do not 
seem to have been concerned with ‘ sub- 
jective probability ’ in the present sense, 
that is, the psychological rules or tenden- 
cies whereby private uncertainty in its 
many forms leads to choices, judgments or 
predictions. 

It is sometimes said that when we use 
ideas of probability in everyday life we are 
simply showing how little we know, asser- 
tions of uncertainty being regarded as 
merely reflecting the imperfect informa- 
tion at our disposal. Laplace, for ex- 
ample, declared that ‘ chance is but the 
expression of man’s ignorance.’ In this 
way the mysterious world of subjective 
probability is dismissed as lacking in 
scientific interest. The demonstrable con- 
sistency in our use of subjective probabi- 
lity would by itself make this assumption 
dubious. But apart from this, we cannot 
ignore the pervasive part played by sub- 
jective probability in all our affairs. There 
is an element of private uncertainty in 
most of the things we have to decide 
about in everyday life. In the minor and 


1 Paper delivered to Section J (Psychology) at 
Oxford on Thursday, September 2, 1954. 


major situations which we constantly 
have to face, we have to judge, predict or 
act on the basis of partial knowledge. The 
judge and jury assessing the prisoner’s 
innocence or guilt, the scientist weighing 
evidence, the politician predicting social 
trends and the gambler wondering what 
stakes to play, are in this respect all in the 
same position. 

We are likely to arrive at some rather 
strange conclusions if we fail to differen- 
tiate between subjective and cbjective 
probability. Let me give anexample. A 
hundred years ago a tract appearca called 
The two estates: Or both worlds mathe- 
matically considered. The author argued 
that we can afford to ignore all the happi- 
ness that this world can offer if we compare 
it with the present value of eternal happi- 
ness in the future estate. He believed that, 
like Newton, he would make great dis- 
coveries by neglecting infinitely small 
quantities. His argument ran: let us 
represent all that this world can give by 
the symbol a, the present value of the 
future estate as x, and it will follow 
that since x is infinitely greater than a, 
x + a= x; a may therefore be safely 
ignored ! 

We have recently undertaken the ex- 
perimental study of subjective probability, 
the aim of which is, in the first place, to 
examine our actual choices, estimates, 
predictions, samplings, and intuitive dis- 
tributions and secondly to trace the 
characteristic changes in these activities 
during the period of development. 

A detailed account of these experiments 
would be out of place here. They are 
being fully described elsewhere. I can 
merely indicate some of the preliminary 
conclusions to which they seem to point, 
but before doing so it may be of interest to 
mention how these studies began. 

A few years ago I spent some time in 
another country. It struck me while I 


333 


ya 
ous 
of 
rho 
: 
In 
ur 
| 
1to 
to 
he 
ce 
he 
til 
nt 
on 


Conjecture and Risk 


was there that the way people drove their 
cars about had something in common with 
the way the foreign policy of the country 
was being conducted. No driver was 
satisfied unless the nose of his car was 
practically touching the tail of the car in 
front, regardless of the speed at which they 
were both travelling. What we should 
regard as the riskiest situations were 
entered into without a second thought. 
In foreign affairs too, those responsible 
appeared to reduce safety margins to the 
barest minimum. The policy seemed to 
be to venture as far as possible without 
worrying whether any scope for political 
manoeuvre would be left if the policy 
failed or if the country to which the policy 
was directed suddenly changed its mind. 

It is not important whether these par- 
ticular impressions were or were not 
correct. I refer to them because they 
suggested the possibility that the most 
diverse of our activities may share some 
common character which we may refer to 
as a risk-taking character and which may 
vary from culture to culture as well as 
from person to person. Any activity into 
which we enter with some uncertainty as 
to the outcome involves an element of risk. 
In this sense few aspects of life are free 
from risk-taking. For example, a man has 
to catch a train at 9.0 a.m. What time 
will he leave his house in order to catch 
the train? Will he arrive atthe station the 
night before and wait on the platform 
the whole night? Or will he rush into 
the station at the last moment in time to 
jump on the train as it leaves the plat- 
form? Risk-taking may be regarded as 
subjective probability in action. 

We must ask now whether it is possible 
to define more precisely this notion of 
risk-taking. I believe it would be hard to 
improve on the following definition given 
by a six-year-old boy in reply to the ques- 
tion, ‘ What does “‘ to take a risk ’? mean ? ’ 
He said : 


‘To take a risk is to do something 
that you are not sure that you are able 
todo. You are only trying to do it.’ 


Risk-taking as thus defined means doing 
something whilst tacitly estimating, on 
incomplete data, your capacity to do it. 
‘You are not sure’ you are able to do 
something which you are about to attempt. 


In addition to this type of risk-taking, we 
should perhaps distinguish another type— 
that which may involve danger and not 
simply uncertainty. 

The child, you will recall, used the ex- 
pression ‘not sure.” What did he mean 
by that? When asked, he replied: ‘I 
think, I’m sure, I’m certain, I’m positive.’ 
He uttered each of these four assertions 
very differently, as though moving with 
increasing conviction from the first to the 
fourth. The tone of voice in which he 
said ‘ I think ’ was uncertain and hesitant. 
The way he said ‘ I’m sure,’ had firmness 
about it. ‘I’m certain’ was appreciably 
more definite still. And when he said 
‘I’m positive,’ he did so with an air of 
finality. There thus appeared to be a 
continuous scale in the child’s mind from 
uncertainty at one extreme to conviction 
at the other. 

His reply has led us to the study of the 
language of subjective probability in child- 
hood. We present to the child a variety 
of statements involving such categories as 
quantity, frequency, or duration. Each 
child assigns a quantitative value to the 
terms or phrases in a series ranging, say, 
from few to many or from very infrequent 
to very frequent or from a very short to a 
very long period of time. From this data 
it is possible to trace the changes in quanti- 
fiable meaning assigned by children at 
different ages to the language of sub- 
jective probability. 


STupIEs OF CONJECTURE 


The specific experiments to which I wish 


to refer are those carried out by my col- 
league Mr. Hansel and me at Manchester 
and designed to trace the development in 
children’s understanding of the notions of 
independence and distributions respect- 
ively. They have been carried out with 
many hundreds of children ranging in age 
from 6 to 15 years. 

Let us note first a rather strange pheno- 
menon in which the idea of independence 
is displaced by that of dependence. Many 
people have great difficulty in distinguish- 
ing events the outcomes of which are 
independent of previous outcomes, from 
events which are more or less dependent 
on previous outcomes. They treat both 
kinds ofeventasdependent. For example, 


if a coin is tossed and appears head nine 
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times in a run, people will regard the 
appearance of tail on the tenth toss as 
having a very high likelihood, much 
greater than if, say, there had been a run 
of two or three heads. And the other way 
round, many people will regard the ap- 
pearance of a tenth head after a run of 
nine heads as extremely unlikely. They 
will not, as a rule, regard it as an inde- 
pendent event and assign it a probability 
of 0:5. Philosophers sometimes point to 
this belief as a proof of human stupidity. 
But it would be unwise to leave it at that. 
For the tendency to regard a series of 
separate independent events as a single 
continuous event and hence to assign to a 
single member of the series a probability 
properly belonging to the entire series is 
a deep-seated one. And it appears to 
characterise our judgments about a wide 
variety of different situations. 

The procedure in the experiments is 
usually in the form of a demonstration, to 
individuals or groups, of a situation which 
may have one of two outcomes. The 
subjects then predict which of the two it 
will be. For example, they are shown an 
urn and are told that the urn contains 
blue and yellow beads in unknown pro- 
portions. Three bezds are then taken out 
in a prearranged colour order and the 
subjects guess the colour of the fourth bead 
drawn. This procedure is repeated until 
all the possible orders of three beads of 
two colours have been given. 

In this type of experiment, subjects pre- 
dict in turn the outcomes of single binary 
events, their judgments each time referring 
to the colour of single beads. 

In other demonstrations we use a dis- 
play board on which there are 16 pairs of 
lights placed vertically. In one experi- 
ment, a member of each pair is illuminated 
in sequence, the number of lights lit on 
each side being in the ratio of, say, 1 : 1 or 
3:1. Under these conditions we can 
assess the effect on the prediction of a 
binary event of previous experience of 
outcomes of similar events, the amount 
and nature of the experience being 
systematically varied. In another experi- 
ment, there are invariably 9 lights, lit in 
rapid succession, on one side, and one 
light on the other, the position of the single 
light being varied from the position 1 to 
10 in random order in different sequences. 
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Here the subject has to predict the side, 
right or left, on which the eleventh light 
will be lit. He carries out a similar task 
in relation to other types of event, such as 
for example, guessing the sex of the next 
baby to be born in a given town, which 
one of two uncles has sent a child a present, 
or whether the weather in a certain place 
on a given day will be fine or not fine. 

From a variety of studies of this kind we 
can begin to trace the growth of the idea of 
independence. At the age of 6, the child, 
when faced with the task of predicting the 
outcome of a binary event, merely alter- 
nates from the previous choice. He tends 
also to alternate from the side with the 
larger number of previous outcomes. In 
so far as he does not alternate, he prefers 
the non-preponderant outcome. At this 
age the child is much influenced by suc- 
cess or failure in his previous choice. 
Success leads him to change it, and failure 
to repeat it. 

The 7-year-old child shows hardly any 
tendency merely to alternate from previous 
choice. Like the 6-year-old, however, but 
to a more marked degree, he alternates 
from the side of the previous outcome and 
from the side with more outcomes. In so 
far as he does not alternate, he too chooses 
the non-preponderant outcome. But 
neither success nor failure in the previous 
choice affects his judgment. His choices 
are governed very largely by the im- 
mediate display facing him. 

Certainly until the age of 10+ and 
probably later too the choice of the non- 
preponderant outcome is generally pre- 
ferred, at any rate in short runs. It is 
paradoxical that the idea of dependence 
between 12+ and 14-4 is held in two 
contrasting forms. On the one hand, 
there is a belief that the same outcomes 
will be continued ; on the other, there is a 
belief that there will be a change to the 
other outcome. In both cases, the entire 
sequence of outcomes is conceived as a 
single event. At the age of 12 + there is 
the first sign of the concept of independ- 
ence, expressed in the judgment: ‘ either 
may happen.’ But not until 14 + is this 
firmly accepted and even then only in a 
small proportion of children. For ex- 
ample, one subject said that if tail ap- 
peared five times the sixth toss might be 
either head or tail ‘ Because when you 
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toss a penny, nobody, nobody can tell, even 
the cleverest of people which, it is going to 
be, because it might be either.’ 

Between the ages of 12 + and 14+ the 
notion of luck, with its variety of meanings, 
for some children gradually assumes the 
significance of unpredictable chance. But 
even at 14+, belief in the dependence of 
the outcome of an event on previous out- 
comes has far from disappeared. It re- 
mains both in the sense of continuing the 
same outcomes as previously and in the 
sense of changing to another outcome. 

The experiments on the development of 
the idea of a distribution have utilised 
demonstrations at three levels of com- 
plexity. At the simplest level subjects are 
told beforehand that an urn, which they 
see, contains a large number of beads each 
of which may be blue or yellow. The 
proportions of each colour are stated to be 
unknown. The beads are drawn in sets of 
4, and each one of the four is placed in a 
separate beaker. The subjects guess the 
colour of each of the four beads in turn. 
Here their task is to guess the outcome of 
a single binary event. 

At the next level, 4 beads at a time are 
drawn from the urn and placed in a 
beaker. The subjects do not see the 
colour of the beads as they are drawn ; 
they hear them being dropped, in sets of 
4, into 16 beakers. They are told that 
each bead may be either blue or yellow 
and that the proportions of blue and 
yellow in each beaker are unknown, and 
they now guess, not the colour of single 
beads, but the number of blue and yellow 
in each of the 16 sets of 4 beads. . 

At the third level, the procedure is the 
same as at the second level but the subjects 
now guess the number of beakers (in a set of 
16) containing 0, 1, 2, 3 or 4 blue beads. 

Analysis of judgments under these 
various conditions suggests that the idea of 
a distribution undergoes characteristic 
changes from age to age during the period 
of development. Random choice hardly 
occurs, if at all, at any of the three levels 
of complexity. There is throughout a 
seeking of patterns, a preference for certain 
kinds of sequences and arrangements, for 
example, a marked preference for homo- 
geneous and balanced or symmetrical 
arrangements (BBBB, BYYB or vice versa) * 

1 B = blue, Y = yellow. 


and an avoidance of asymmetrical arrange- 
ments (BBBY, BBYB, BYBB, YBBB, or 
vice versa). This preference seems to be 
partly aesthetic and partly connected with 
children’s ideas of fairness. 

Several distinct stages in the develop- 
ment of the idea of a distribution may be 
traced from the values assigned, at various 
ages, to the distributions at the third level 
of complexity just described, under con- 
ditions in which beads are drawn at 
random in sets of 4 from an urn containing 
unspecified proportions of blue and yellow 
beads. 

First, at about the age of 9 or 10 years, 
there is the belief that the values in the 
distribution will vary. Children at this 
age do not allot equal numbers of beakers 
containing 0, 1, 2, 3 or 4 blue (or yellow) 
beads. 

At the next stage there appears a ten- 
dency to assume that the category of equal 
proportions will occur most frequently. 
The largest proportion of the 16 beakers 
will be assigned to 2 blue and 2 yellow 
beads. It seems that many children at 
this stage regard the composition of each 
beaker sample as a miniature of the urn 
population. 

At the stage which follows, children 
begin to regard the proportions having a 
similar structure as equally likely. Beakers 
having 1 blue and 3 yellow are assigned 
equal values to those having 1 yellow, 3 
blue. Similarly beakers with 0 blue, 4 
yellow, are given equal values in the dis- 
tribution to those with 0 yellow and 4 blue. 

There is a further stage, not yet reached 
even at 14 +, when higher values are given 
to 1 blue, 3 yellow (or vice versa) than to 
0 blue, 4 yellow (or vice versa). 

These various stages seem to be charac- 
terised by the emergence of new mental 
* structures,’ the subjective determination 
of which gradually weakens and gives way 
to greater or less objective determination. 

The foregoing conclusions have a bear- 
ing on the common belief that when we 
guess which of two or more possible events 
is likely to happen, our guesses are more or 
less random. If we can trust our experi- 
ments, this belief is probably mistaken, for 
we have found the most random-like 
guesses based on highly complex forms of 
preference and pattern-seeking. We are 
not, of course, necessarily aware of the 
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reasons for our choice. Our basis of 
judgment changes in characteristic fashion 
with increasing age throughout the period 
of development. Embodied in the guesses 
and predictions of the youngest child is a 
highly sensitive and complicated system. 
Guided by this system the child interprets 
what has happened, decides what to 
expect, and makes up his mind what to do. 
During the period of intellectual develop- 
ment there is a movement away from 
subjectively preferred to objectively de- 
termined mental ‘structures.’ It would 
seem, however, that few adults completely 
outgrow the features which characterise 
judgments at the various earlier stages of 
intellectual growth. 


StupiEs OF RIsK-TAKING 


We have studied subjective probabilities 
in risk-taking in different kinds of task 
under conditions in which (i) the subject 
has varying amount of information relat- 
ing to the task or to his performance, (ii) 
the subject’s estimates relate to different 
levels of difficulty as measured by the 
proportion of his successes in performance, 
and (iii) there is a varying degree of 
personal appreciation of the consequences 
of success or failure. 

We may provisionally conclude from 
these experiments that (1) there is a 
systematic relationship between subjective 
probability of success, as measured in 
these experiments, and degree of success 
in performance. The presence of an 
element of danger does not appear to 
introduce any appreciable change in the 
general form of the relationship under the 
conditions investigated. (2) The nature 
of the relationship is such that there is a 
tendency to overestimate probable suc- 
cesses when performance is low—up to 
30 per cent. successes. Thereafter, there 
is a tendency to underestimate, at first 
increasingly and later to a lesser extent 
as the 100 per cent. success level in per- 
formance is approached. (3) The most 
accurate estimates of probable successes 
are made near the 30 per cent. level of 
success in performance. 


SUBJECTIVE PROBABILITY OF THE 
GAMBLER 
The impetus given by gambling to the 
study of probability makes the behaviour 
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of the gambler particularly relevant to 
these experiments. For the prediction of 
independent events, with which they are 
largely concerned, is par excellence exem- 
plified in gambling. The way children 
judge events which have one of two equally 
possible outcomes may therefore shed 
some light on the mind of the gambler. 

The practice of gambling, it should be 
noted, has always been extraordinarily 
widespread. It is found in the most far- 
away times and places and among primi- 
tive and highly civilised peoples alike, in 
the ancient civilisations of China (once 
described as ‘one vast gaming-house’), 
Japan, India, Persia, Egypt, Palestine, 
Greece and Rome and among peoples as 
scattered as the American Indians, the 
Zulus, the Malays and Javanese. The 
stakes were often exceedingly high. To 
take a single illustration, St. Ambrose tells 
us that among the Scythians it was com- 
mon to risk one’s life on a single throw of 
the dice. Emperors—Augustus, Caligula, 
Claudius, Nero and Domitian—were 
counted among the most passionate of 
gamblers. Nearer home we find, in the 
France of Henry IV, that hardly anyone 
escaped the frenzy of gambling, and when 
Louis XIV died, the French people are 
said to have thought of nothing else but 
gambling. In England dice-playing dates 
from the Roman occupation. Ordinary 
people were prohibited by Henry VIII 
from playing except at Christmas. We 
learn something about gambling in the 
England of the seventeenth and eighteenth 
centuries from Theophilus Lucas’ Memoirs 
of the Lives, Intrigues and Comical Adventures 
of the most Famous Gamesters and Celebrated 
Sharpers in the Reigns of Charles II, James II, 
William III and Queen Anne. During the 
nineteenth century, writes Ashton, ‘ the 
West End of London literally swarmed 
with gambling houses.’ 

We may suspect that the gambler is 
moved by a powerful inclination to favour 
as the outcome of a future event, that 
which previously happened relatively 
rarely. He behaves as if he follows a 
principle of dependence, the fall of the die 
being for him bound by the series of out- 
comes which has already occurred. But 
it seems to be a one-sided dependence. 
It leads him to favour change to the non- 
preponderant outcome and it is not 
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balanced by a counter-belief in the con- 
tinuance of the previously preponderant 
outcomes. His hopes of ultimate success 
may even rise with a mounting number of 
failures. These hopes would be rein- 
forced if he shared the view of many 
children that luck and ill-luck are stores 
which may be depleted or run out alto- 
gether. With his high subjective prob- 
ability of eventual triumph, he is far from 
being a risk-taker. On the contrary, he 
hardly takes risks at all. 

The children in our experiment who 
have some idea of independence believe 
that guessing has nothing to do with in- 
telligence. ‘It is not intelligence that 
counts in guessing,’ writes one. Those 
who lack this idea and are inclined instead 
towards ideas of dependence seem to 
associate successful guessing with shrewd- 
ness. It may be that gamblers resemble 
this latter group, for the gambler often 
thinks his success is due to special sagacity 
on his part, as if he were in possession of 
occult powers in the form of an inner 
divining-rod. Luck he equates with 
cleverness, unluck with stupidity. 

The distinctive characteristic of gamb- 
ling, namely its concern with unpredict- 
ability has caused it to be closely connected 
with ideas of destiny and divination and 
with the development of the concepts of 
primitive justice. 

Let me give one or two illustrative ex- 
amples. The entire world, in the Maha- 
bharata, is treated as a game of dice in 
which Siva plays with his queen. The 
Ases of Eddic mythology determine the 
fate of the world by casting dice. In the 
Iiliad, Poseidon, Zeus and Hades share the 
world between them by shaking lots, these 
lots (as Onians suggests) being credited 
with a virtue or consciousness of their own 
whereby they ensured a correct decision, 
or controlled by higher powers whose will 
they revealed. Similarly Zeus is expected 
to control the lots which decide which of 
the Greek heroes is to fight with Hector. 

There are countless instances of gamb- 
ling as divination among primitive peoples. 
The Maoris threw lots to identify a crimi- 
nal. In Samoa a nut was spun round for 
the same purpose. In the Tonga Islands 
nut-spinning was equally an amusement 
and an art of divining whether a sick 
person would recover. A Zande technique, 


Professor Gluckman reports, is to admin- 
ister a specially prepared substance to a 
chicken while asking a question. The 
chicken vomits the substance or is killed by 
it, thus answering ‘ yes’ or ‘no.’ Among 
ourselves playing-cards are used for for- 
tune-telling. 

But divination by lot, dice, nut-spinning 
or other method among primitive peoples 
is never a resort to mere unpredictable 
chance. It is an appeal to a supernatural 
agency to decide the issue. More sophisti- 
cated peoples too, believe that the gods 
turn the die or shuffle the cards. Indeed, 
Tylor many years ago expressed the view 
that the gambling of primitive man may 
have originated as a method of divination, 
the same implements being used for both. 
Our own games of chance may thus be 
survivals from such practices. Some of 
our economic judgments may retain some- 
thing of this divinatory character. We 
are told that in Throgmorton Street, the 
heart of the stockbroking world in London, 
a man used to sit with a bag of nuts. 
Passers-by drew a handful from the bag. 
If they guessed the number of nuts cor- 
rectly they would receive a penny for each 
nut, if not, they paid a penny. Many 
stockbrokers regulated their ‘ bulling’ and 
‘bearing’ by this method of divination. 

Ideas of primitive justice are associated 
with the principle of retribution (lex 
talionis) and the contest. Retribution 
embodies the notion of balance or sym- 
metry : a disadvantage sustained by one 
must be repaid with the same disadvan- 
tage, and similarly with an advantage. 
In the contest, however, the decisive ele- 
ment is determination by the gods of an 
outcome unpredictable by man. Huizinga 
has suggested that the lawsuit was origin- 
ally a contest. Contests, judgment by 
ordeal, and riddles, like games of chance, 
were all ways of discovering the decision 
of the gods. 

If we are correct in assuming, on the 
basis of our results, that the interpretation 
of unpredictable events in terms of depend- 
ence is intellectually less advanced than 
an interpretation in terms of independence, 
we may perhaps infer from this that the 
principle of retribution in primitive justice 
similarly represents an earlier stage in the 
development of the idea of justice than the 
use of contests, gambling devices or other 


338 


| inde 
| your 
the 
outc 
equz 
olde 
basis 
of 1 
rega 
of tl 
met 
met 
: may 
pen 
| W 
| divi 
aris 
of u 
| whi 
for 
| pen 
too 
| the 
| of z 
tha 
be 
ber 
tha 
reg 


Oa 
The 
| by 
ong 
for- 


ing 
sles 
ble 


ral 
sti- 


lay 


th. 


ne- 


its. 


independent events. We find that our 
younger children place great emphasis on 
the need for balance or symmetry in the 
outcomes of independent events, and they 
equate this with the ideas of fairness. Our 
older children prefer to predict on the 
basis of equal possibilities. The principle 
of retributive justice may therefore be 
regarded, in a sense, as the counterpart 
of the stage of development characterised 
by a preference for balanced and sym- 
metrical arrangements whilst the contest 
may correspond to the stage when inde- 
pendent outcomes are favoured. 

We find then that the ideas of destiny, 
divination and early justice appear to 
arise in connection with the contemplation 
of unpredictable events. The manner in 
which our subjects explain their reasons 
for choosing the outcome of an inde- 
pendent event suggests that in their minds 
too these ideas are interrelated. Some of 
them appear to believe that the outcome 
of a toss is determined but unpredictable, 
that it reveals the superiority of the suc- 
cessful guesser, and that a balanced num- 
ber of different outcomes is fair and just. 

In conclusion, I should like to suggest 
that the foregoing experiments may be 
regarded as offering an avenue of studying 


Conjecture and Risk 


novel aspects of thought. They may also 
form a new link between studies of human 
and animal behaviour, for many of the 
experiments are suitable for animal sub- 
jects. And they may have a more general 
implication. Many psychologists are per- 
turbed at the thought that their subject 
may not be a science and they are at pains 
to convince themselves and the rest of the 
world that it is. One way of self-assur- 
ance is to introduce the word ‘ scientific ’ 
into the titles of publications. But this is 
the result of needless anxiety. The best 
evidence that the operations of mind obey 
certain laws and that a science of psy- 
chology is therefore possible lies in the fact 
that other sciences do exist. As Boole 
said exactly a hundred years ago, if the 
mind did not obey laws of its own it could 
never arrive at natural laws. One of our 
tasks should therefore be to seek to deter- 
mine the laws of mind by tracing the path, 
stage by stage, along which we gradually 
move away from subjectively determined 
patterns of thought towards forms which 
are in closer accord with the objectivity 
of the order of nature and the logic of 
probability. The study of subjective 
probability is intended to be a small step 
in this direction. 
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REPORT OF COUNCIL TO THE 
GENERAL COMMITTEE, 1953-54 


(Received and adopted by the General Committee on September 1, 1954) 


OBITUARY 


1. Since the Council’s last report the 
Association has mourned the passing of 
Prof. Sir John L. Myres, O.B.E. (Past 
General Officer, 1919 to 1932), and of 
Dr. O. J. R. Howarth, O.B.E. (Secretary 
of the Association, 1909-1946), and has 
suffered further loss by the death of the 
following office-bearers and supporters :— 


Prof. R. L. Archer Mr. E. Noel Hum- 

Armattoe Mr. C. Lessner 

Dr. Winifred E. Prof. A. G. Ogilvie 
Brenchley Mrs. C.E.S. Phillips 


Mr. E. C. Broadbent 
Prof. E. P. Cathcart, 
C.B.E., F.R.S. 
Prof. N. M. Comber 
Dr. E. M. Crowther 
Prof. H. H. Dixon, 


Prof. H. P. Philpot 

Lady Robinson 

Mr. S. Simpson, 
C.M.G. 

Prof. H. Bompas 
Smith 


F.R.S. Major J. H. Whit- 
Prof. R. B. Forrester taker Swinton 
Prof. F. E. Fritsch, Prof. R. W. Whel- 

F.R.S. don 
Mr. J. Allen Howe, Mr. R.S. Whipple 

O.B.E. 


2. The Association was represented at 
the following memorial services: for Sir 
John Myres, by Mr. M. G. Bennett and by 
Dr. D. B. Harden and other members of 
Council ; for Dr. O. J. R. Howarth, by 
Mr. M. G. Bennett, Sir Richard South- 
well, Mr. J. S. Wilson and the Secretary 
of the Association ; for Mr. R. S. Whipple 
by the Secretary of the Association. 


RELATIONS WITH OTHER INSTITUTIONS 


3. By the appointment of official repre- 
sentatives and in other ways the Associa- 
tion has renewed its cordial relations with 
scientific institutions at home. The Presi- 
dent, Dr. E. D. Adrian, O.M., P.R.S., 
represented the Association at the 
Bicentenary Celebrations of the Royal 
Society of Arts and presented an address 
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of congratulation. The President also 
represented the Association at the celebra- 
tion of the 150th Anniversary of the Royal 
Horticultural Society, and presented an 
address of congratulation. The Council 
gave help to the International Federation 
of Modern Languages and Literature and 
to the Industrial Welfare Society in find- 
ing speakers for meetings to be held in 
Oxford about the time of the Association’s 
meeting. 

4. In the field of international relations, 
the Association’s overseas friendships have 
been well maintained. The Council re- 
port with pleasure that the President sent 
to H.R.H. the Duke of Edinburgh on 
behalf of the Royal Society and of the 
British Association, a message of greetings 
to men of science in New Zealand to be 
read by the Duke when addressing the 
Royal Society of New Zealand. The 
Council have appointed representatives at 
International Congresses on Ornithology 
(Basle), on Botany (Paris) and at the 
General Assembly of the International 
Union for the Protection of Nature 
(Copenhagen). Under a generous ar- 
rangement with the British Council the 
Association was privileged to be repre- 
sented at the meetings of the Indian 
Science Congress Association and of the 
Pakistan Association for the Advancement 
of Science by Prof. F. J. M. Stratton, 
O.B.E., F.R.S., who carried with him 
messages of goodwill from the Association. 
Under the same agreement representatives 
from India and Pakistan will attend the 
Oxford Meeting. Prof. A. V. Hill attended 
the meeting of the American Association 
in Boston and reported on his return that 
Dr. Detley W. Bronk would represent the 
American Association in Oxford. Mr. 
M. G. Bennett and Dr. George Taylor were 
appointed to represent the Association at 
the meeting of the French Association in 
Poitiers in July 1954. 
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5. During the year contact with other 
Associations for the Advancement of 
Science has been maintained. A letter was 
received from Formosa announcing that 
the Chinese Association had been re- 
established there, and an offer of an ex- 
change of publications was accepted by the 
Council. Representatives of Associations 
in France, Ceylon, S. Africa, Australia 
and New Zealand and Switzerland are 
expected at Oxford, in addition to those 
from U.S.A., India and Pakistan. 

6. Continued efforts to enlarge contacts 
abroad, through an extension of represen- 
tation at annual meetings, have not 
proved rewarding. Council received from 
Unesco a draft of a constitution for a 
World Federation of Associations for the 
Advancement of Science and decided to 
confirm its previous decision that the 
Association was not in favour of the 
formation of such a Federation but was 
willing to support an alternative proposal 
for the formation of an Advisory Com- 
mittee to the Director-General of Unesco 
in scientific matters other than the conduct 
of Unesco’s research programme and 
would be willing to be represented on such 
a Committee. 

The Council, however, still hopes that 
the original suggestion that Unesco should 
give travel grants which would enable 
Associations to be represented at Annual 
Meetings of the Associations in other 
countries, will receive further considera- 
tion from Unesco as it is believed that the 
benefit of such international interchanges 
would be great and that it had the ad- 
vantage of not requiring any constitution. 

On the invitation of the British Com- 
mittee for Co-operation with Unesco, the 
Council appointed a Committee to com- 
ment on the programme of the Natural 
Sciences department of Unesco. 

The Council considered an invitation 
from Unesco to nominate a candidate for 
the award of the Kalinga Prize for 1954, 
and decided not to make any nomination. 


LIVERPOOL MEETING 


7. The attendance at the Liverpool 
Meeting was 3,506 members, and this 
figure included over 1,400 student 
members, of whom about 700 were school 
children from secondary schools in the 
locality. The total attendance, although 


Council’s Report to the General Committee 


less than at the two previous meetings, was 
even so above the average for seven post- 
war meetings (3,466) ; and this in a year 
when rates of subscription for members 
and associates had been increased by a 
guinea. A series of non-specialist lectures 
which was arranged for young people and 
adults drew large and _ appreciative 
audiences, and the meeting was also 
remarkable in that it was the occasion of 
the Association’s first Junior Presidential 
Address (see Advancement of Science, No. 40, 
page 355). The Council are pleased to 
report that the Vice-Chancellor of the 
University of Liverpool welcomed an 
offer made on behalf of the Association 
that four trees should be planted in the 
quadrangle of the University as a small 
token of appreciation for all the work that 
had been done there in connection with 
the Meeting. The Council are indebted 
to Sir Edward Appleton (President, 1953) 
for his generosity in meeting the cost of 
this gift. 
OxrorD MEETING 


8. The Council record their apprecia- 
tion of the unsparing efforts of local col- 
leagues whose services have been devoted 
assiduously to preparations for the 1954 
Meeting, the sixth in Oxford. Previous 
meetings, especially that of 1860, which is 
remembered now for the historic debate 
on Darwinism, have been most successful, 
and it is confidently expected that the 
meeting this year will prove to be equally 
memorable. The Council are deeply ap- 
preciative also of the active interest in 
the Meeting shown in Reading and its 
University. 


Future MEETINGS 


9. Bristol, 1955.—An invitation to meet 
in Bristol in 1955 has already been ac- 
cepted, and the following Local Honorary 
Officers have been appointed : Treasurer : 
Mr. T. R. Jackson, City Treasurer ; 
Joint Secretaries: The Town Clerk 
(Mr. A. Pickard, C.B.E.) and the Registrar 
of the University (Mr. H. C. Butterfield). 

The Local Executive Committee have 
appointed Sir Philip Morris, C.B.E., the 
Vice-Chancellor of the University, as 
Chairman and Alderman F. A. Parish as 
Vice-Chairman. The Council have re- 
ceived from the City and the University, 
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Council’s Report to the General Committee 


and recommend for acceptance, a pro- 
posal that the meeting be held during the 
period August 31 to September 7. 

The following have accepted the 
Council’s invitations to serve as Sectional 
Presidents : 

Section 

Prof. N. F. Mott, F.R.S. 
Prof. A. R. Todd, F.R.S. 
Mr. W. N. Edwards 

Prof. F. W. R. Brambell, F.R.S. 
Mr. J. N. L. Baker 

Prof. J. R. Hicks 

Dr. S. F. Dorey, F.R.S. 

Dr. D. B. Harden 

Dr. R. S. Creed 

Mr. Alec Rodger 

Prof. K. Mather, F.R.S. 
Mr. J. F. Wolfenden, C.B.E. 
Mr. W. B. Mercer, C.B.E. 


Assembly of Corresponding Societies : 
Mr. P. Ritchie Calder, C.B.E. 


Sheffield, 1956.—Acceptance of an invita- 
tion to meet in Sheffield in 1956 was 
unanimously agreed by the General Com- 
mittee at its first meeting in Liverpool. A 
proposal that the meeting be held within 
the period August 29 to September 5 is 
recommended for approval. The Council 
note with pleasure that the Lord Mayor of 
Sheffield has already actively interested 
himself in the coming of the Association 
to the City in 1956, and that Sir Harold 
Hartley, Past President of the Association, 
represented the Association at a Civic 
Luncheon in March of this year. 


OFFICERS AND COUNCIL 


10. President, 1955.—The Council unani- 
mously nominate Prof. Sir Robert 
Robinson, O.M., F.R.S., for appointment. 

General Officers, 1954-55.—The Council 
nominate for reappointment as General 
Officers for the year 1954-55 : 

General Treasurer: Mr. M. G. Bennett. 

General Secretaries: Sir Richard South- 
well, F.R.S., and Dr. George Taylor. 

Other Members of Council, 1954-55.— 
Members retiring under Statute ITI, 3, are: 

Lord Rennell of Rodd, Dr. H. E. Wim- 
peris, Dr. C. Tierney, Sir Alfred Egerton 
and Dr. Ezer Griffiths. Under the powers 
given to them by Statute the Council 
nominate for appointment: Prof. G. R. 
Clemo, Dr. C. F. A. Pantin, and 
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Prof. S. W. Wooldridge, leaving two 
vacancies in the ordinary membership to 
be filled by the General Committee 
without nomination by the Council. The 
following is the full list of nominations re- 
commended for approval by the General 
Committee. If this list is approved each 
section will have the required minimum 
of two representatives and the two re- 
maining vacancies can be filled without 
regard to the representation of particular 
Sections : 


R. J. Bartlett 

Prof. L. F. Bates, F.R.S. 

M. C. Burkitt 

Prof. H. G. Champion, C.I.E. 
Prof. G. R. Clemo, F.R.S. 

Prof. H. P. Gilding 

Dr. D. B. Harden 

Prof. H. R. Hewer 

Prof. K. S. Isles 

Dr. Willis Jackson, F.R.S. 

A. Gray Jones 

Sir Harold Spencer Jones, F.R.S. 
Prof. H. D. Kay, C.B.E., F.R.S. 
Sir Ben Lockspeiser, K.C.B., F.R.S. 
Prof. Kathleen Lonsdale, F.R.S. 
Prof. A. D. Macdonald 

J. Wickham Murray, O.B.E. 
Prof. F. W. Paish 

Dr. C. F. A. Pantin, F.R.S. 
Prof. W. J. Pugh, O.B.E., F.R.S. 
Dr. J. Ramsbottom, O.B.E. 

Prof. L. Dudley Stamp, C.B.E. 
Dr. W. E. Swinton 

Prof. P. E. Vernon 

Prof. W. Wardlaw, C.B.E. 

W. H. Wilcockson 

Prof. S. W. Wooldridge 

Dr. N. C. Wright. 


(The General Committee approved the 
above nominations and appointed Mr. P. 
Ritchie Calder, C.B.E., and Mr. A. C. 
Hartley, C.B.E., to fill the remaining 
vacancies.) 

Honorary Auditors, 1954-55 : The Council 
recommend the reappointment of Sir John 
Simonsen, F.R.S., and Dr. H. J. T. 
Ellingham. 


GENERAL COMMITTEE 


11. The following have been admitted 
to membership of the General Committee 
on the recommendation of Section Com- 
mittees : 
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Prof. W. Baker, Prof. C. T. Ingold 


F.R.S. W. B. Mercer, 
Major W. H. Cad- = C..B.E. 
man Dr. C. R. Metcalfe 
A. N. Duckham, Dr. K. S. Sandford 
C.B.E. F. Seton 
1 J. M. Edmonds Dr. J. Taylor 
M. V. Edwards Prof. A. Thom 
R. A. D. Egerton Prof. F. A. Vick, 
Prof. J. Greig O.B.E. 


W. E. Hiley Dr. E. F. Warburg 


SECRETARY 


12. Mr. D. N. Lowe, O.B.E., resigned 
on March 31, 1954, on taking up appoint- 
ment as Secretary of the Carnegie United 
Kingdom Trust. The Council approved 
the appointment of Sir George Allen, 
C.B.E., as Secretary of the Association, 
with effect from April 1, 1954. The 
Council recommend to the General Com- 
mittee that Mr. D. N. Lowe, O.B.E., be 
appointed an Honorary Life Member of 
the Association in recognition of his 
valuable services and his devotion to the 
interests of the Association over a period 
of nearly twenty years. 


FINANCE 


13. The General Treasurer’s accounts 
will be presented to the General Com- 
mittee in full detail. The General Income 
and Expenditure Account for the financial 
year ending March 31, 1954, shows a de- 
ficit of £288. The improvement on last 
year’s figures has been due partly to 
reduction in expenditure and partly to an 
increase in income from membership sub- 
scriptions. Council are still of the opinion 
that further capital endowment will be 
required to ensure continued financial 
stability. 


Down House 


14. Council have to report that all 
assets and liabilities have been transferred 
to the Royal College of Surgeons, and that 
the Association’s responsibility for the 
Darwin Memorial is now completely at 
an end. The following is the text of the 
public announcement which was made at 
the Liverpool Meeting on the transfer of 
the Charles Darwin Memorial : 


* The British Association for the Ad- 
vancement of Science announce that 
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the custody of the national memorial 
to Charles Darwin at Down House in 
Kent has been transferred to the Royal 
College of Surgeons of England. 

‘ Charles Darwin lived at Down House 
for forty years, from 1842 till his death 
in 1882 and it was there that he wrote 
the Origin of Species and other great 
works. 

‘In 1927 an opportunity arose of 
acquiring the property for the nation 
and Sir Arthur Keith, then President 
of the British Association, made a 
public appeal which was immediately 
answered by Sir Buckston Browne, 
F.R.C.S. He bought the property and 
restored it; and, with the help of 
many people, including members of 
the Darwin family, he collected for 
display in the public rooms many price- 
less relics connected with Darwin. The 
property and its contents were pre- 
sented to the British Association, and 
the memorial was opened to the public 
in June 1929. Since then it has been 
visited by thousands of people every 
year except during the war. 

‘There was some danger that the 
memorial might have to be closed 
because the British Association could 
not contemplate indefinite responsi- 
bility for maintaining it; but the 
transfer of responsibility which has 
now been arranged offers hope that 
this historic home will be kept open to 
the public.’ 


DIvIsION FOR SOCIAL AND INTERNATIONAL 
RELATIONS OF SCIENCE 


15. The Committee of the Division, 
under the chairmanship of Mr. Ritchie 
Calder, C.B.E., arranged a discussion on 
Science and the Unpredictable, which took 
place in Liverpool on Sunday, September 
6, 1953. (See Advancement of Science, No. 
41, p. 17.) 


RESEARCH 


16. Following the Liverpool meeting, 
the Council appointed twelve Research 
Committees on the recommendation of 
Sections and made grants to four of them. 
The Committees, with their terms of 
reference, were published in The Advance- 
ment of Science, No. 39, page 330. 
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Council’s Report to the General Committee 


and recommend for acceptance, a pro- 
posal that the meeting be held during the 
period August 31 to September 7. 

The following have accepted the 
Council’s invitations to serve as Sectional 
Presidents : 

Section 

Prof. N. F. Mott, F.R.S. 
Prof. A. R. Todd, F.R.S. 
Mr. W. N. Edwards 

Prof. F. W. R. Brambell, F.R.S. 
Mr. J. N. L. Baker 

Prof. J. R. Hicks 

Dr. S. F. Dorey, F.R.S. 

Dr. D. B. Harden 

Dr. R. S. Creed 

Mr. Alec Rodger 

Prof. K. Mather, F.R.S. 
Mr. J. F. Wolfenden, C.B.E. 
Mr. W. B. Mercer, C.B.E. 


Assembly of Corresponding Societies : 
Mr. P. Ritchie Calder, C.B.E. 


Sheffield, 1956.—Acceptance of an invita- 
tion to meet in Sheffield in 1956 was 
unanimously agreed by the General Com- 
mittee at its first meeting in Liverpool. A 
proposal that the meeting be held within 
the period August 29 to September 5 is 
recommended for approval. The Council 
note with pleasure that the Lord Mayor of 
Sheffield has already actively interested 
himself in the coming of the Association 
to the City in 1956, and that Sir Harold 
Hartley, Past President of the Association, 
represented the Association at a Civic 
Luncheon in March of this year. 


SPARS 


OFFICERS AND COUNCIL 


10. President, 1955.—The Council unani- 
mously nominate Prof. Sir Robert 
Robinson, O.M., F.R.S., for appointment. 

General Officers, 1954-55.—The Council 
nominate for reappointment as General 
Officers for the year 1954-55 : 

General Treasurer: Mr. M. G. Bennett. 

General Secretaries: Sir Richard South- 
well, F.R.S., and Dr. George Taylor. 

Other Members of Council, 1954-55.— 
Members retiring under Statute ITI, 3, are: 

Lord Rennell of Rodd, Dr. H. E. Wim- 
peris, Dr. C. Tierney, Sir Alfred Egerton 
and Dr. Ezer Griffiths. Under the powers 
given to them by Statute the Council 
nominate for appointment: Prof. G. R. 
Clemo, Dr. C. F. A. Pantin, and 
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Prof. S. W. Wooldridge, leaving two 
vacancies in the ordinary membership to 
be filled by the General Committee 
without nomination by the Council. The 
following is the full list of nominations re- 


commended for approval by the General 


Committee. If this list is approved each 
section will have the required minimum 
of two representatives and the two re. 
maining vacancies can be filled without 
regard to the representation of particular 
Sections : 


R. J. Bartlett 

Prof. L. F. Bates, F.R.S. 

M. C. Burkitt 

Prof. H. G. Champion, C.I.E. 
Prof. G. R. Clemo, F.R.S. 

Prof. H. P. Gilding 

Dr. D. B. Harden 

Prof. H. R. Hewer 

Prof. K. S. Isles 

Dr. Willis Jackson, F.R.S. 

A. Gray Jones 

Sir Harold Spencer Jones, F.R.S. 
Prof. H. D. Kay, C.B.E., F.R.S. 
Sir Ben Lockspeiser, K.C.B., F.R.S. 
Prof. Kathleen Lonsdale, F.R.S. 
Prof. A. D. Macdonald 

J. Wickham Murray, O.B.E. 
Prof. F. W. Paish 

Dr. C. F. A. Pantin, F.R.S. 
Prof. W. J. Pugh, O.B.E., F.R.S. 
Dr. J. Ramsbottom, O.B.E. 

Prof. L. Dudley Stamp, C.B.E. 
Dr. W. E. Swinton 

Prof. P. E. Vernon 

Prof. W. Wardlaw, C.B.E. 

W. H. Wilcockson 

Prof. S. W. Wooldridge 

Dr. N. C. Wright. 


(The General Committee approved the 
above nominations and appointed Mr. P. 
Ritchie Calder, C.B.E., and Mr. A. CG. 
Hartley, C.B.E., to fill the remaining 
vacancies.) 

Honorary Auditors, 1954-55 : The Council 
recommend the reappointment of Sir John 
Simonsen, F.R.S., and Dr. H. J. T. 
Ellingham. 


GENERAL COMMITTEE 


11. The following have been admitted 
to membership of the General Committee 
on the recommendation of Section Com- 
mittees : 
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Prof. W. Baker, 
F.R.S. 

Major W. H. Cad- 
man 

A. N. Duckham, 
C.B.E. 

J. M. Edmonds 

M. V. Edwards 

R. A. D. Egerton 

Prof. J. Greig 

W. E. Hiley 


Prof. C. T. Ingold 

W. Mercer, 
C.B.E. 

Dr. C. R. Metcalfe 

Dr. K. S. Sandford 

F. Seton 

Dr. J. Taylor 

Prof. A. Thom 

Prof. F. A. Vick, 
O.B.E. 

Dr. E. F. Warburg 


SECRETARY 


12. Mr. D. N. Lowe, O.B.E., resigned 
on March 31, 1954, on taking up appoint- 
ment as Secretary of the Carnegie United 
Kingdom Trust. The Council approved 
the appointment of Sir George Allen, 
C.B.E., as Secretary of the Association, 
with effect from April 1, 1954. The 
Council recommend to the General Com- 
mittee that Mr. D. N. Lowe, O.B.E., be 
appointed an Honorary Life Member of 
the Association in recognition of his 
valuable services and his devotion to the 
interests of the Association over a period 
of nearly twenty years. 


FINANCE 


13. The General Treasurer’s accounts 
will be presented to the General Com- 
mittee in full detail. The General Income 
and Expenditure Account for the financial 
year ending March 31, 1954, shows a de- 
ficit of £288. The improvement on last 
year’s figures has been due partly to 
reduction in expenditure and partly to an 
increase in income from membership sub- 
scriptions. Council are still of the opinion 
that further capital endowment will be 
required to ensure continued financial 
stability. 


Down House 


14. Council have to report that all 
assets and liabilities have been transferred 
to the Royal College of Surgeons, and that 
the Association’s responsibility for the 
Darwin Memorial is now completely at 
an end. The following is the text of the 
public announcement which was made at 
the Liverpool Meeting on the transfer of 
the Charles Darwin Memorial : 


‘The British Association for the Ad- 
vancement of Science announce that 


Council’s Report to the General Committee 


the custody of the national memorial 
to Charles Darwin at Down House in 
Kent has been transferred to the Royal 
College of Surgeons of England. 

‘ Charles Darwin lived at Down House 
for forty years, from 1842 till his death 
in 1882 and it was there that he wrote 
the Origin of Species and other great 
works. 

‘In 1927 an opportunity arose of 
acquiring the property for the nation 
and Sir Arthur Keith, then President 
of the British Association, made a 
public appeal which was immediately 
answered by Sir Buckston Browne, 
F.R.C.S. He bought the property and 
restored it; and, with the help of 
many people, including members of 
the Darwin family, he collected for 
display in the public rooms many price- 
less relics connected with Darwin. The 
property and its contents were pre- 
sented to the British Association, and 
the memorial was opened to the public 
in June 1929. Since then it has been 
visited by thousands of people every 
year except during the war. 

‘There was some danger that the 
memorial might have to be closed 
because the British Association could 
not contemplate indefinite responsi- 
bility for maintaining it; but the 
transfer of responsibility which has 
now been arranged offers hope that 
this historic home will be kept open to 
the public.’ 


DIvIsION FOR SOCIAL AND INTERNATIONAL 
RELATIONS OF SCIENCE 


15. The Committee of the Division, 
under the chairmanship of Mr. Ritchie 
Calder, C.B.E., arranged a discussion on 
Science and the Unpredictable, which took 
place in Liverpool on Sunday, September 
6, 1953. (See Advancement of Science, No. 
41, p. 17.) ; 


RESEARCH 


16. Following the Liverpool meeting, 
the Council appointed twelve Research 
Committees on the recommendation of 
Sections and made grants to four of them. 
The Committees, with their terms of 
reference, were published in The Advance- 
ment of Science, No. 39, page 330. 
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Council’s Report to the General Committee 


SCIENCE AND INDUSTRY 


17. The establishment, after the Bel- 
fast Meeting, of a Committee to study the 
problem of speeding up the application of 
scientific research in industry, was reported 
to the General Committee during the 
Meeting in Liverpool. During the course 
of the year a grant was made to the Com- 
mittee by the Board of Trade to finance 
part of its work. The Council authorised 
the General Treasurer to receive and dis- 
burse, on behalf of the Committee, the 
money received from the Board of Trade. 
In later discussions the Council agreed that 
negotiations should take place with a view 
to widening the sponsorship in view of the 
importance of the whole problem. The 
Royal Society of Arts and The Nuffield 
Foundation have now agreed to act as 
co-sponsors of the Committee, without 
financial commitment, and to appoint 
representatives. A joint Science and 
Industry Committee has, therefore, been 
constituted under the Chairmanship of 
Prof. C. F. Carter, and the following 
Officers have been appointed: Trea- 
surer, Mr. M. G. Bennett; Secretary, 
Prof. B. R. Williams. The following 
public announcement on the work of the 
Committee was made in May :— 


Three bodies, the Royal Society of 
Arts, the British Association for the 
Advancement of Science and _ the 
Nuffield Foundation have established 
a joint Science and Industry Committee to 
investigate the possibility of speeding 
up the application to industry of the 
results of scientific research. From the 
‘ Conditional Aid ’ funds the Board of 
Trade has made a grant to this Com- 
mittee to help it to begin research into 
the whole problem. 

For some years there has been a 
widespread feeling, and one that has 
been frequently expressed, that while 
British fundamental research equals 
and frequently surpasses in excellence 
and achievement similar research in 
other countries, the translation of the 
results of research into industrial action 
has often been too slow. 

The British Association for the Ad- 
vancement of Science set up a com- 
mittee to discover the factors which 
caused this slowness. After preliminary 
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investigations, this committee was con- 
vinced that the work was urgent and so 
important that the Association should 
seek the co-operation of other bodies 
in sponsoring a study of the many 
problems involved. 

The new joint Committee is well 
aware of the fact that much work is 
going on at the universities and in 
industry, all of which may serve to 
reduce the gap between research 
achievement and industrial application, 
but the Committee’s terms of reference, 
which have been accepted by the Board 
of Trade, are comprehensive. They in- 
clude the making of a systematic and 
scientific appraisal of the whole 
problem, surveying the research al- 
ready under way elsewhere in order 
to see what further study is needed ; 
the identification of those factors which 
determine, in different industries and 
in different types of firms, the speed 
of application of new and scientific 
technical knowledge ; the examina- 
tion of their relative importance, their 
interrelations, and their correlation 
with the characteristics of the firm or 
industry ; the collection of evidence 
of the effectiveness of measures already 
taken to speed up the application of 
science in industry, or to remove 
hindrances to such application ; and 
the examination of the possible results 
of other proposed measures. 

The Chairman of the Committee is 
Professor C. F. Carter, and some workis 
already in progress and centred on two 
research units: one at the University 
College of North Staffordshire directed 
by Prof. B. R. Williams, and one at the 

ueen’s University of Belfast, directed 
by Prof. C. F. Carter. 


The members of the Joint Committee 
are: Appointed by the Council of the 
Royal Society of Arts: Sir Ernest 
Goodale, C.B.E., Mr. A. C. Hartley, 
C.B.E., Dame Caroline Haslett, D.B.E., 
Sir John Simonsen, F.R.S. The Secretary 
of the Royal Society of Arts attends 
ex-officio. 

Appointed by the Council of the British 
Association: Dr. T. E. Allibone, F.R.S., 
Mr. M. G. Bennett, Prof. A. J. Brown, 
Prof. C. F. Carter, Mr. A. C. Hartley, 
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C.B.E., Prof. K.S. Isles, Prof. H. D. Kay, 
C.B.E., F.R.S., Prof. J. A. L. Matheson, 
M.B.E., Dr. R. E. Slade, Prof. M. Stacey, 
F.R.S., Prof. B. R. Williams, Dr. T. 
Wilson, O.B.E. The Secretary and Assis- 
tant Secretary of the British Association 
attend ex-officio. 

Appointed by the Nuffield Foundation : 
Prof. A. K. Cairncross, C.M.G., Dr. 
Barnes Wallis, C.B.E., F.R.S., Mr. A. H. 
Wilson, F.R.S. The Director and the 
Assistant Secretary of the Nuffield Founda- 
tion attend ex officio. 


MEMORIAL LECTURES 


18. The Vice-Chancellor of Reading 
University made helpful arrangements for 
the recruitment of Reading people as 
members for the Oxford Meeting and 
welcomed the offer of one of the Associa- 
tion’s memorial lectures. The Radford 
Mather Lecture (was) delivered in Reading, 
therefore, by Prof. P. M. S. Blackett, 
F.R.S., under the title: The fundamental 
particles of physics (May 31, 1954). 


PUBLICATIONS 


19. The Advancement of Science has been 
published regularly and has maintained 
a quarterly circulation of about 3,200 
copies. 

The Association is indebted to the Local 
Executive Committee for the 1952 Meet- 
ing in Belfast for their further generous 
gift of 180 copies of the Scientific Survey, 
Belfast and its Region. 

The Scientific Survey on Merseyside, 
published in the name of the Association 
by the Local Executive Committee for the 
Liverpool Meeting, was a notable addition 
to this post-war series, and the Council 
gratefully acknowledge this generous gift 
to members of the Association. The Associ- 
ation is grateful to the many experts who 
give so generously of their time and skill 
in the preparation of these Surveys. The 
Association’s indebtedness to the Local 
Executive Committee was greatly in- 
creased during the year by their decision 
to make available, free of charge, to those 
members of the Association who had 
been unable to attend the Liverpool 
Meeting, nearly 200 copies of the Scienti- 
fic Survey. 
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Council’s Report to the General Committee 


RESOLUTIONS 


20. Following discussions at the Liver- 
pool Meeting the Council received and 
considered a number of resolutions and 
recommendations with the following 
results :— 

Shortage of Science Teachers (Section B).— 
It was noted that several fact-finding 
bodies had been investigating this problem 
and that the National Advisory Council 
on the Training and Supply of Teachers 
would shortly make its report on this 
subject. The Council decided, therefore, 
yot to undertake an investigation. 

International Geological Map (Section C). 
—The Council approved a recommenda- 
tion from Section C (Geology) that a 
grant of £20 from the Bernard Hobson 
Fund (reserved for geology) be made in 
support of the work of preparing a World 
Commission International Geological Map. 

Cruelty to Animals Act, 1876 (Section I).— 
The Council considered a recommendation 
from Section I (Physiology) about the 
effects of Home Office interpretation of 
this Act, on the arrangement of excursions 
at the Annual Meeting. Council agreed 
that the General Officers should seek an 
interpretation of the Act. 

Section K Committee—ex-officio membership. 
—The Council received a resolution from 
Section K (Botany) that past Chairmen 
of sub-section K* (Forestry) be included 
among the permanent ex-officio members 
of Section K’s Committee. The Council 
noted this recommendation but decided 
to take no action. 

Research Committee: Assembly of Cor- 
responding Societies—The Council con- 
sidered a resolution from the Assembly 
advocating the appointment of a Com- 
mittee to co-operate with the Library 
Association, the Museums Association, 
and other bodies in planning booklets on 
courses in science, sources of information 
and guides to careers, and a form of 
corresponding membership. The Council 
authorised Dr. W. E. Swinton to arrange 
informal consultation with representatives 
of the bodies concerned and to submit a 
report. 


PRIZES 


21. South Africa Medal.—The Council 
have approved the award of the South 
Africa Medal to Prof. R. H. Crompton. 
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Council’s Report to the General Committee 


Exhibitioners’ Essay—In view of the 
slight response to the Council’s invitation 
to Exhibitioners to compete for a prize of 
£10 for an essay on the Liverpool Meet- 
ing, it was decided not to make an award 
for 1953. 

Endeavour Essay Prizes, 1954.—In the 
fifth of the Endeavour Essay Competitions 
for prizes offered by the publishers of 
Endeavour in connection with annual meet- 
ings of the Association, the successful 
competitors were: Mr. D. W. Allan (first), 
Mr. P. B. Tomlinson (second), Mr. C. D. 
Lustig (third). Special prizes for com- 
petitors under eighteen years of age were 
awarded to Simon Sheppard and Roland 
Williams. 


STATUTES AND REGULATIONS 


22. The Council have considered re- 
presentations (received during 1953) that 
the Statutes and Regulations should be 
revised in the light of post-war experience. 
The report of the Committee appointed 
to consider these proposals was received 
and adopted by the Council at its Meet- 
ing on June 2, 1954. Some of the more 
important recommendations were as 
follows :— 

The Committee agreed unanimously 
that they were not satisfied that a case 
had been made for revising the Statutes, 
and considered that it was desirable that 
there should be a reasonable degree of 
flexibility in running the affairs of the 
Association. They were of opinion that 
revision of the Statutes, owing to the com- 
plex procedure and legal expense involved, 
should only be undertaken if defects in the 
Statutes were prejudicial to the smooth 
running of the Association. They were 
unanimous in their opinion that such de- 
fects did not exist, and that points needing 
clarification, or where procedure was in 
doubt, should be dealt with by amend- 
ment of, or additions to, the regulations. 
The Committee were also unanimous in 
their opinion that holding office in the 
Association and membership of the Com- 
mittees of the Council did not confer 
privilege, but should be regarded as pro- 


viding opportunities of rendering service 
to the Association. They considered that 
no action should be taken by revision of 
Statutes, or the adoption of regulations or 
resolutions which might tend to deprive 
the Association of the generous services 
and valued advice of the many dis- 
tinguished scientists to whom the Associa- 
tion is indebted. The Committee con- 
sidered that the General Committee 
should be as representative as possible, 
and did not recommend any change in its 
constitution as laid down in Chapter II, 
Section 1 of the Statutes. They recom- 
mended that Corresponding Societies, 
when appointing their delegates, up to six 
in number, to any Annual Meeting, should 
be asked to nominate one of these dele- 
gates, who should be a full member of 
the Association, as a Member of th: 
General Committee and the Council should 
invite this delegate to join the General 
Committee at such Annual Meeting 
(Chapter ITI, 1 (iv)). The Committee also 
recommended that the General Secretarie. 
should be given authority, by the Council. 
to issue invitations on behalf of the Council 
under Chapter IT, Section 2 of the Statutes 
which contains the following statement :— 
‘No person other than Life Members of th: 
Association, or members maintaining an1 12 
subscriptions thereto, shall be member. o 
the General Committee ; and no person" 
shall have intermitted attendance at thre 
more consecutive meetings of the Associat 
shall be entitled to continue in membe1 
of the General Committee, unless invite: 
do so by the Council.’ 


The Committee recommended that a’ 
its next Meeting, the General Committe: 
be asked if they wished to have the righ 
to wear a badge of distinctive colour. 


THE TORONTO PRESENTATION FUND 


23. The University of Toronto has de 
cided that the capital sum of the Toront: 
Fund should be spent for the purchase of. 
Badge of Office. They stated that the 
would deem it a great honour if th 
President of the British Association wer 
to use, on official occasions, a Presidentia 
Badge bearing the name ‘ Toronto.’ 
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BRITISH ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


GENERAL TREASURER’S STATEMENT AND ACCOUNT, 
1953-54 


Tue outstanding feature of this year’s accounts is the reversal of the alarming divergence between 
income and expenditure. A balance has been missed by only £288. This happy result was partly 
due to increases in income from subscriptions (which justifies the decision of Council to raise sub- 
scriptions) and from the sale of publications. On the other side, most of the things that cost more 
last year have since fallen, notably travelling, printing and stationery. Indeed, owing to the un- 
remitting attention to detail by the staff, there are few items on either side of the Income and 
Expenditure Account which do not show some improvement. 


It is, of course, pleasant to be able to report this improvement in our fortunes, even although 
it is clear that it cannot continue indefinitely. The size and cost of meetings must inevitably vary; 
and the need still exists for additional capital funds to ensure stability. The best ways and means 
of securing this must continue to receive consideration. 


It will be observed that the process of transferring Down House property and fund to the Royal 
College of Surgeons is now complete. The wishes of the donor, Sir Buckston Browne, to establish 
a worthy memorial to Darwin, have thus been ensured, so far as it is possible to do so. 


It is desired once again to emphasise the value of the services rendered by everyone on the staff 
to all members of the Association. 


11000 


10000 


9000 


1948 1949 1950 1951 1952 1953 1954 
Yeor ending March 


M. G. BENNETT, 
General Treasurer. 
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General Treasurer’s Account 


Balance Sheet, 31st March, 1954 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


LIABILITIES 


GENERAL PURPOSES :— 
Sundry Creditors 
Amounts received in advance for 

publications . 
Membership and Associateship 
subscriptions in advance . ‘ 
Amount temporarily held on behalf 
of Seismological Investigations 
Committee (Dr. J. E. Crombie’s 
Cash overdrawn . 


Accumulated Fund 


s. d. 
880 17 0 


186 3 10 
162 611 


1,000 0 0 


83414 3 


As per last Account . . - 40,950 2 


Less Excess of Expenditure over 
Income for the year on General 


Life Membership Fund 
As per last Account ; 
Add received during 


Add, Life donations 


(52,178 19 3] 


Development Fund 
As perlast Account . 
Less Loss on stock sold for re-invest- 


Add Excess of Income over Expen- 
diture forthe year . 
[6,529 7 0] 


SPECIAL PURPOSES :— 
Caird Fund 
Capital 
and Expendi- 
ture Account balance 
as perlast Account . 568 10 2 
Add Excess of Income 
over Expenditure for 
the year . : - 9318 


[10,080 0 1} 


Toronto University Presentation Fund 
Capital 
and Expendi- 

ture Account balance 

asperlast Account. 418 0 
Less Excess of Expendi- 

ture over Income for 

the year . 


[183 9 4) 


Bernard Hobson Fund (1933) 

Capital 
and Expendi- 

ture Account balance 

as per last Account . 313 2 
Add Excess of Income 

over Expenditure wal 

the year . 


(1,406 5 2] 


Leicester and Leicestershire Fund (1933) 
Income and Expe ndi- 

ture Account sel 

as perlast Account . 154 3 8 
Add Excess of Income 

over Expenditure for 

the year . 9 


(1,154 3 8] 


Radford Mather Lecture Fund (1936) 
Capital 

Less Loss on stock sold for re- 


Income and Expendi- 
ture Account balance 
as per last Account . 

Add Excess of Income 
over Expenditure for 
the year . ° 


(292 13 9] 
{71,824 18 


288 14 


6,529 7 
173 19 
6,355 8 
186 2 


9,511 


662 


178 11 


184 19 


250 0 
7 2 
242 18 


51 8 6 


ASSETS 


£ s. d. | GENERAL PURPOSES :— 


40,661 8 


8,252 15 
51,978 6 


6,541 10 


10,173 18 


Investments as scheduled with 
Income and Expenditure Ac- 
count, No.1 . ; 4 . 51,878 14 0 
Sundry debtors . - 282 8 8 
Addressing machine, as 
per last Account - 8100 
Less Amount charged to 
Income and Expendi- 
ture Account for the 
year i ° - 4010 0 
4010 0 


Stock of Badges 878-18 5 


[52,178 19 3] nn $1,978 6 


Development Fund 
Investments (see Income and Ex- 
a! Account No. 2) . - 5,978 7 0 
Cash at bank - 568 8 4 


[6,529 7 0) ——_—__—— 6,541 10 


SPECIAL PURPOSES :— 
Caird Fund 
Investments (see Income and Ex- 
penditure Account, No. 3) 
Cash at bank - 22 8 7 


(10,080 0 1) ———— 10,173 18 


Toronto University Presentation Fund 

Investment (see Income and Ex- 
penditure Account, No. 4) ‘ ~ 11 4 
Cash at bank ‘ 15 3 


[183 9 4) 


Bernard Hobson Fund (1933) 
Investments (see Income and Ex- 
— Account, No. 5) - 1,243 2 6 
Cash at bank . - wen 


(1,406 5 2] 1,408 14 
Leicester and Leicestershire Fund 
(1933) 


Investments (see Income and Ex- 
penditure Account, ven 6) 
Cash at bank 


(1,154 3 8] ———_ 1,184 19 


Radford Mather Lecture Fund (1936) 
Investment (see Income and Ex- 
penditure Account, No. 7) . 242 18 
Cash at bank 61 8 


294 6 6 | (292 13 9] ——————-__ 294 6 6 


71,765 1 8 | [71,824 18 3 Carried forward ° « 71,765 2 6 
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General Treasurer’s Account 
Balance Sheet, 31st March, 1954 (continued) 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


LIABILITIES (continued) ASSETS (continued) 
(71,824 18 3] Brought forward 71,765 1 8 | [71,824 18 3] Brought forward 71,765 1 8 
Arthur Haydock Bequest (1945) Arthur Haydock Bequest (1945) 
Capital 2,215 12 0 Investments (see Income and Ex- 
Income and Expendi- penditure ‘arcana No. 8) - 2,465 12 0 
ture Account balance Cash at bank 3812 6 4 


as perlast Account . 493 6 5 
Add Excess of Income 


over Expenditure for 
the year . « 29 
ae 562 6 4 
(2,708 18 5] ————— 2,777 18 4 | [2,708 18 5] ———— 2,777 18 4 
Corcoran Gift anal Corcoran Gift (1946) 
Capital s fe - 100 0 0 Investment (see Income and a n- 
Income and Ext xpendi- diture Account, No.9)  . 100 0 90 
ture Account Cash at bank 13 0 4 
as perlast Account . 915 3 
Excess of Income 
over Expenditure 
the year . 5 2 
18 0 4 
{109 15 3] 1113 O [109 15 3] 113 0 4 
Science and Industry Committee Science and Industry Committee 
Board of Trade grants - 1,664 12 7 Cash at bank . ‘ 7 P - 18615 2 
Less Amounts ‘to the 
Committee 527 17 5 
1386 15 2 
Down House Down House 
Endowment Fund as per last See opposite 
Account - 14,557 $ Account, No. 1 


Less Excess of Expenditure over 
Income for the year . . ° 291 10 


9 
2 
14,265 138 7 
Library Fund 311 4 

Creditors (Drainage Account) 8 
(15,488 15 0] 15,039 12 11 [15,488 15 0] 


Less Assets transferred to Royal 
College of Surgeons :— 
£3,000 Fishguard and 
Rosslare Railway 
and Harbours 34 per 
cent. Guaranteed 
at 
2,189 17 
£9.405 8s. 9d. Con- 
solidated per 
cent. Stock, at cost 7,608 9 7 
£1,128 9s. 11d. 3 per 
cent. Redemption 
Stock, 1986/96, at 
cost . ‘ 
£4,222 138s. 1d. 3 per 
cent. British Trans- 
portStock, 1978/88, 
at cost . . 3,118 1 
Cash 5 2 


1,153 19 7 


15,039 12 11 


(90,132 6 11] £74, 792 15 6 (90,132 6 11] £74,792 15 4 


We have examined the foregoing Account with the Books and Vouchers and certify the same to be correct. We have also verified 
| the Balance at the Bankers and the Investments. 


Approved: 


J. L, SIMONSEN : 
ELLINGHAM} Auditors. 


W. B. KEEN & ao , Chartered Accountants, 
insbury Circus House, E.C. 2 


9th July, 1954 
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General Treasurer’s Account 


INCOME AND EXPENDITURE ACCOUNTS FOR THE YEAR ENDED 
gist MARCH, 1954 


No.1. General Income and Expenditure 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


at cost 2 
£7,011 8s. 2d. 23 cent. Stock 
(Inscribed) 5,401 3 0 
£1,252 16s. 2d. Consolidated ‘2 per cent. Stock 
(Registered) 1,000 0 0 
a = 4d. British ‘Gas 3 per ‘cent. “Stock, 
1990/95 - 1,520 14 10 


£18,400 Os. Od. 3 per cent. Savings Bonds, 


65/7 19,098 11 9 
£52 12s. 7d. 3t per cent. War Stock (Post 
Office issue) . 64 5 2 
£7,704 - 2d. 34 per ‘cent. “War “Stock, 1952 
orafter . 7,840 0 9 
£6,768 Ibs. 7d. 34 per cent. Conversion “Stock, 
1961 orafter . 5,726 8 11 
£4,184 18s. 2d. 24 per cent. Treasury ‘Stock, 
1975 or after . 4,184 18 2 
£1,400 Os. Od. 4 ei cent. Funding’ Loan “Stock, 
60/90 1,622 0 0 
£981 10s. Od. 4 "per cent, Commonwealth of 
Australia Stock 1955/70 . 1,000 0 0 
£4,897 18s. 11d. 3 per cent. British Transport 
Stock, 1978/88. 882411 2 
£100 Os. Od. 3 per cent. Defence Bonds : . 101 0 3 
Post-war no goa R. Solly, deceased 5 0 
[Value of stocks a (Value at 31/3/54, 
31/3/53, 42,746 13s. 5d.] £45,488 11s. 4d.) 
[51,378 14 0] £51,378 14 0 
EXPENDITURE INCOME 
io Heat, Lighting and Power . ‘ 140 15 0 | By Membership subscriptions . > 6,280 13 9 
93 Stationery 352 13 6 »> Sale of Publications : 
>> Part cost ret addressing machine . . 40 10 0 **The Advancement of Science” 719 9 9 
» Rent 100 Other items. - 18319 8 
Postages . 474 5 908 9 5 
Telephone ° 36 18 1 Advertisements in B.A. publications : 
»» Insurances 1115 0 ** The Advancement of Science” 68013 6 
Iravelling expenses . 460 7 3 Preliminary Programme, 
» Audit for 1952-53 9410 Programme, 1953 . - 40916 5 
>> Exhibitioners: . 100 18 10 1,817 18 2 
Less Contribution by Liverpool »» Income Tax recovered to 3lst 
5 University . 60 0 0 March, 1953: 
————— 40 18 10 On Interest and Dividends ‘ 96 15 
», Subscription to Parliamentary and s» covenanted subscriptions . 238 8 
Scientific Committee 1515 0 335 «3:10 
Subscription to International Union Intereston Investments . 1,592 19 8 
re for the Protection of Nature. 5 0 0 »» Donations (excluding donations to 
Bee’ ly Hire of meeting rooms, equipment, Life Membership Fund, for : 
‘ etc. . 26 10 10 which see Balance Sheet). ; 189 19 0 
Inspection and Repairs 1610 0O »» Charges for administration 
Carriage of goods 35 4 8 Special Funds 118 2 9 
» Reference books, press cuttings, 
etc. 4 22 210 | [10,130 14 1] 105788 2 7 
General expenses 4 6115 4 
> Advertising i 45 13 6 | By Balance,being excess of Expenditure 
> Panels of armorial bearings . : 1318 6 overIncomefortheyear . : 288 14 0 
» Salaries, wages, pensions and 
National Insurance. : 4,885 16 4 
Printing, etc.— 
** The Advancement of Science” 2,491 8 4 
Preliminary Programme, 1953 . 414 9 8 
Programme, 1953 . 2 
————_ 3, 951 15 10 
»> Hospitality 12918 1 
m, Membership badges used ; ‘ 139 8 6 : 
» Legal advice, etc. ; 5 3 6 
» Typing etc., by outside offices 13 10 O | 
2,546 7 9] £11,021 15 7 (12,546 7 9] £11,021 15 7 1 
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General Treasurer’s Accoun' 


No. 2. Development Fund 


An appeal for a Development Fund to be used under the direction of the Council, was made at the Annual Meeting at Dundee in 1947 
The fund is still open. 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investments at cost : £ 
£2,745 19s. Od. London County 2? per cent. 
Consolidated Stock, 1960/70 2,750 0 0 
ag of 14s. 10d. Savings 3 per cent. Stock, 
3,028 : 0 


1965/75 . 
£292 15s. $d. Consolidated 23 per cent. Stock . 200 0 
[Value ,4 stocks at 31/3/53, (Value at 31/3/54, 


£5,452 19s. 8d.) £5,666 4s. 5d.) 

(6,152 6 0] £5,978 7 0 

Cash at bank £563 3 4 


EXPENDITURE INCOME 


To Administration charge 20 13 7 | By Dividends and Interest 


[17 13 8] Income Tax recovered 
being excess of Income over 
diture for the year . 186 2 4 
(179 211] 


£206 15 [196 16 7] 


{196 16 7] 


No. 3. Caird Fund 


The unconditional gift of Sir James Caird, in 1912, see by the Council in accordance with recommendations adopted by th 
General Committee in 1913. 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investments at cost : Ged 
oe 11s. 8d. British Gas 3 per cent. Stock, 

990/95 . e 2,209 13 

£2716 16s. 6d. 3 pér cent. War Stock : 2,516 15 5 
£4,282 18s. 9d. 3 per cent. British Transport 

Stock, 1978/88. 4,785 1 6 

£585 10s. 6d. Consolidated 23 per cent. Stock . 400 0 0 


[Value of ._% at 31/3/53, (Value at 31/3/54, 
£8, 280 15s. Od.) £8,910 19s. 5d.) 


19, 911 9 11) 
Cash at bank . £262 8 7 
INCOME 


By Dividends and Interest = 


£9,911 911 


To Rent of for 1954 at Biological 
Station »» Income Tax recovered ‘ 
Naples Zoological Station . 50 0 Unexpended balance of grant, returned. 
Freshwater Biological Association, a 
heb 50 0 [261 17 8] 349 5 
Marine Bio. 7 ssociation, . Balance, being excess of Expenditure over 
ge > 
Plymouth Income for the year - = 


150 0 0 [52 3 6] 


»» Grants to Research Committees : 
Demography, etc., in Inte-- 


Tropical Africa . = ¥ 210 8 

Science and Indus ‘ 56410 9 

Bury St. Edmunds Skull Site . 816 8 

Inventoria Archaeologica 410 0 

‘ 

»» Administration charge 34.18 6 
(314 1 2] 255 6 7 
>» Balance, being excess of Income over Ex- 
penditure for the year 9318 5 
(314 1 2] £349 5 0 | [314 1 2} £349 5 


Grants authorised, not yet drawn :— 
Detnography, etc., in Inter-Tropical 


; 29 4 

Glossary of Geogra hical Terms | 5 0 0 
Inventoria Archaeologica . 510 0 
‘(20 0 Oj £12 19 4 


16812 

— £206 15 1 

| 
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eneral Treasurer’s Account 


No. 4. Toronto University Presentation Fund 


fund voluntarily subscribed by members present at the Toronto Meeting in 1924. From the income a presentation of two bronze 


each year is made, together with presents of books, to selected students in pure and applied science respectively. 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investment at cost: 
£175 Os. Od. 3} per cent. War Stock . 


178 11 4 


(Value * ge at 31/3/53, (Value at 31/3/54, 
£140 6d.) £152 5s. 0d.) 
£178 Us. 4d.) £178 11 4 
Cashatbank . . £415 3 
EXPENDITURE INCOME 
Smo Cost of medals for 1953 217 6 | ByInterest . 6 2 6 
fee, Presents of books, through Toronto University « 215 6 | By Balance, being excess of Expenditure over In- 
Administration charge . > 12 3 come for the year. : > 29 
5 3] £6 5 3 (6 5 3] £6 5 8 


No. 5. Bernard Hobson Fund 


lhe bequest of Mr. Bernard Hobson, 1933; the income to be poutiet to the promotion of geological research; administered by the 
uncil. 


(Figures in ttalic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investments at cost : 
£50 Os. Od. 4 per cent. Victory Bonds . 55 10 5 
24 per cent. Treasury Stock, 1975 
£416 0s. 11d. d 34 per cent. War Stock | - 436 3 1 
£178 16s. per cent. Stock 
= 3 150 0 0 
(Value at 31/3 /53, (Value at 31/3/54, 
Fe £84 6d.) £917 7s. 5d.) 
: [1,243 2 6] £1,248 2 6 
Cashatbank . . £16511 9 
EXPENDITURE INCOME 
£ 
o Grant to Critical Geological Sections Com- By Interest . < 36 1 2 
mittee . 10 0 0 [36 1 2] 
Grant to International Geological Map of the »» Balance, being in excess of wearemend over 
World Commission . : 20 0 0 Income for the year . 
Administration charge 312 1 | [117 10 14] 
312 1) £33 12 1 
Balance, being excess of Income over Ex- 
penditure for the year . 2 
12 1] £36 1 2 | (15312 1) £86: 1, 2 
ants authorised, not yet drawn :— 
Critical Geological Sections £30 o 0 
£30 0 0 


No. 6. Leicester and Leiccctershire Fund, 1933 


he unexpended balance of the local fund for the Leicester Meeting in 1933, presented to the Association, the interest to be used in 


assisting by scholarships or otherwise students working for the advancement science ; administered by the Council. 
(Figures in italic type and square brackets, to the left of columns, are those of the preceding . ear’s account, inserted for comparison.) 


Investments at cost : 


£487 2s. 11d. 4 per cent. Conversion Stock - 6500 0 0 
£490 5s. 1ld. 34 per cent. War Stock - 500 0 0 
at 31/3/53, (Value at 31/3/54, 
£781 4d.] £847 17s. 9d.) 
[1,000 0 £1,000 0 0 
Cash at bank £184 19 5 
EXPENDITURE INCOME 
b Grant - - - | By Interest ‘ $4 4 2 
DO Oj [34 4 2] 
4 3 8 5 
Balance, being excess of Income over Sagnntinnes 
for year 3015 9 
15 
4 2] £34 4 2 [34 4 2] £34 4 2 
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General Treasurer’s Account 


No. 7. Radford Mather Lecture Fund 


A gift of £250 received from Mr. G. Radford Mather in 1936 to establish a Fund, the income therefrom to be devoted to meeting the 
expense of triennial Lectures on Recent Advances in Science and their relation to the Welfare of the Community. 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investment at cost : £ sd 
£271 14s. 6d. Savings 3 per cent. Stock, 1965/75 24218 0 
(Value of stock at 31/3/53, (Value at 31/3/54, 
£240 3s. 5d.) £243 3s. 10d.) 
[250 0 £242 18 
Cash at bank £61 8 € 
EXPENDITURE INCOME 
ad he 
»» Balance, being excess of Income over Expen- 
diture forthe year . 2 814 9 
[6 14 5] 
@ £914 9 @ £914 2 


No. 8. Arthur Haydock Bequest 


A bequest received in 1945 ‘‘ for the purpose of original investigation of problems relating to either or both of Geology or Botany 
as may be determined by the governing body of the British Association.” 


(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


Investments at cost: 
£2,090 4s. Od. 3} per cent. Conversion Stock 

£362 68. 8d. Consolidated 2} per cent. Stock . 250 0 0 
[Value of stocks at 31/3/53, (Value at She a) 


£1,879 1s. 11d.} £2,043 10s. 7 
(2,465 12 0] £2,465 12 0 
Cash atbank . « £312 4 
EXPENDITURE INCOME 
£ « 
ToGrant for editing of report on Biological By Interest 82 4 4 
Sciences in British Schools 5 0 0 


Grane to Research Committee ‘ --- 
Administration charge . ‘ 8 4 5 
(8 4 54] 


» Balance, being excess of Income over Expen- 
diture for the year . e ° 68 19 11 


[73 14 5} 
[82 4 4] £82 4 4) [82 4 4] £82 4 4 
No. 9. Corcoran Gift 
A gift of £100 received in 1946 for research in memory of Miss J, R. Corcoran. 
‘ (Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 
Investment at cost: 
£144 18s. 6d. Consolidated 2} per cent. Stock 100 0 0 
[Value of stock at 31/3/53, (Value at 31/3/54, 
£36 19s, £94 4s. 0d.) 
[100 0 0) £100 0 0 : 


Cash at Bank . £13 0 4 


EXPENDITURE INCOME 
£ 
To Administration charge. + 7 3 | ByInterest . 3 12 4 
x» Balance, being excess of Income over Expendi- 
ture for the year & 1 
(3 12 4 £312 4/ [3 122 4 £3 12 4 
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General Treasurer’s Account 


No. 10. Down House 


In response to an ap made in 1927 by Sir Arthur Keith, F.R.S., then President of the British Association, Mr. (later Sir) Buckston 


Browne, F.R. 


» acquired the property of Down House, formerly the home of Darwin, and transferred it with an endowment of 


£20,000 to the Association expressing the wish that it be held in custody for the nation as a memorial to Darwin. The memorial 


property and endowment fund of Down House were transferred to the Royal College of Sur; 
1953, with the approval of the General Committee of the Association, the Royal 


far as possible the property as a Darwin memorial in accordance with the wishes of the donor. 
(Figures in italic type and square brackets, to the left of columns, are those of the preceding year’s account, inserted for comparison.) 


eons by agreement dated 20th August, 
ollege of Surgeons undertaking to maintain as 


EXPENDITURE 


To Wages of Staff . 
»» Rates, Insurance, etc. 

»» Electricity . 

»» Repairs and Renewals . 

Land and Garden 

Household requisites . 

»» Telephone and Postage 

»» Administration charge . 


[2,903 17 3] 


INCOME 


546 19 1 | By Rents . 
22 0411/1] 5, Income Tax recovered to 31st March, 1953 


913 Dividends and Interest . 5 ‘ 
48 5 3 ,, Sale of catalogues, postcards and photographs . 
14 4 9] ,, Donations received 

3 7 | (79417 54] 

38 010] ,, Balance, being excess of Expenditure over 

40 610 Income for the year, transferred to Endow- 


ment Fund 
(2,108 19 10) 


£694 18 4 | [2,903 17 3] 
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SEISMOLOGICAL INVESTIGATIONS 


FIFTY-NINTH REPORT of COMMITTEE on Seismological Investigations. 


(Dr. R. STONELEY, F.R.S., Chairman ; Mr. E. TitLotson, Secretary ; Mr. E. F. BAXTER, 


Miss E. F. Bettamy, Prof. P. G. 


H. BosweE tt, O.B.E., F.R.S. Mr. B. C. Browne, 


Sir E. C. Buttarp F.R.S., Dr. K. F. CHackett, Dr. G. E. R. Deacon, C.B.E., F.R.S., 
Dr. A. T. J. Dottar, Dr. A. E. M. Geppgs, O.B.E., Prof. G. R. GoLpsBroucu, 
C.B.E., F.R.S., Dr. M. N. Hitt, Mr. J. S. Hucues, Prof. Sir H. Jerrreys, F.R.S., 
Mr. E. N. LAwrenceE, Dr. A. W. LEE, Dr. A. O. Ranking, O.B.E., F.R.S., Rev. C. 
Rey, S.J., Dr. G. D. Rosinson, Mr. H. V. SHaw, and Sir Frank Smiru, G.C.B., 


G.B.E., F.R.S.) 


PERSONAL 

The committee offers its hearty con- 
gratulations to Dr. G. E. R. Deacon, 
F.R.S., on the award of the C.B.E., an- 
nounced in H.M. Birthday Honours list. 

The Chairman, Dr. R. Stoneley, F.R.S., 
was in South Africa during July and 
August 1954, attending the second 
Quinquennial Geophysical Conference at 
Johannesburg. 


THE GRAY-MILNE FUND 


The only disbursements during the year 
have been in respect of secretarial ex- 
penses, including the cost of duplicating 
the readings made by Mr. E. Tillotson of 
the Edinburgh records. In the next few 
months, however, a grant will be made to 
Dr. M. N. Hill towards the development 
of a long-period seismograph at Cam- 
bridge. The sum of £400 still remains 
invested in Defence Bonds, and_ the 
Crombie Bequest of £1,000 is tempor- 
arily deposited with the Treasurer of the 
Association. 


Gray-MILNE FuND 


Receipts 
Balance at Bank, July 1, 1953 455 17 9 
Trust Income 80 14 10 
Interest on Defence Bonds . 10 0 0 
546 12 7 

Payments 
Ls 
Secretarial Expenses . 15 14 4 

Balance at Bank, oe 30, 

1954, 530 18 3 
546 12 7 


INSTRUMENTS 


There has been no change in the loca- 
tion of the instruments belonging to the 


committee during the past year. The 
instruments are located as follows :— 
Milne-Shaw 
No. 1 . Science Mus- 
eum, South 
Kensington. 
Edinburgh. 
Downe, Kent 
(in storage). 
Hermanus, 
South Africa. 
Perth, Western 
Australia. 
« &. Suva, Fiji. 
Jagger Shock Recorder Fort Augustus. 
INTERNATIONAL 
SEISMOLOGICAL SUMMARY 
By Ff. S. Hughes 


During the year the progress in issuing 
the International Seismological Summary 
has been maintained. The 1943 and 
1944 volumes have been completed and, 
together with the first two quarterly parts 
of 1945, have been distributed. Work is 
now beginning on the 1946 volume. It 
should be pointed out that the observations 
for 1944 and 1945 were scantier than for 
previous years, though throughout this 
period many earthquakes were noted for 
which readings were available from well 
over a hundred observing stations. 

The staff, who continue to work at Kew 
Observatory, by courtesy of H.M. Meteor- 
ological Office and the Superintendent, 
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are much as previously. Mrs. Sanders 
assisted by Miss J. Batten are in charge of 
the secretarial and clerical work. Miss V. 
Howe is working on the preparation of 
manuscript and on the determination of 
epicentre. There has been no alteration 
in the methods and manner of presenta- 
tion. Geocentric direction-cosines and 
the Jeffreys-Bullen travel-time tables con- 
tinue to be used in determinations, and 
form the basis for calculation of distances 
and for forming the residual times given 
in the tabular matter. Recently a com- 
plete set of seismological readings from the 
earthquake organisation of the U.S.S.R. 
for the years 1946-51 were received. 
This shows a continuous increase in the 
number of observing stations in this vast 
area, and in the 1951 volume more than 
60 stations are listed where hitherto we 
have received about 20. Each station 
appears to give a very complete record and 
the aggregate of data is enormous. 


DEPARTMENT OF GEODESY AND 
GEOPHYSICS, CAMBRIDGE 


EXPERIMENTAL. By M. N. Hill.—Seismic 
refraction shooting in the deep sea with 
sono-radio buoys of a new and more easily 
handled design has continued with an 
expedition during June and July this year 
in R.R.S. Discovery II into the Atlantic. 
The experiments undertaken were limited 
in number by unfavourable weather ; at 
the date of this report the analysis of the 
results is not complete. 

The laboratory measurements of P and 
S wave velocities in fresh, unconsolidated, 
deep sea sediments at varying pressures 
continue. It has been found that with 
unenclosed samples the P wave velocity 
increases from approximately 1-5 Km/sec 
at atmospheric pressure to approximately 
3 Km/sec at a pressure of 1,000 atmo- 
spheres. The S wave velocity cannot be 
measured at the lower pressures on 
account of the non-rigid nature of the 
material; at 1,000 atmospheres the 
velocity approaches 1-2 Km/sec. The 
changes in elastic moduli with pressure 
cannot be attributed to the changes in 
void ratio of the material with pressure. 
Numerous measurements have been made 
of the compressional wave velocities of 
igneous and sedimentary rocks at atmo- 


spheric pressure, and it has been shown 
that only within broad limits can the 
velocity be predicted from knowledge of 
the petrological type of the rock. 

An experimental long period horizontal 
seismograph of a new design with electric 
recording has been constructed and is 
being tested. The seisomgraph can be 
easily operated with a period of 30 sec. 
and it is hoped that a period of 100 sec. 
will be possible. The seismograph can 
be positioned remotely from the recording 
instruments and can be housed in a cubic 
container of 9 in. side. It is to be fitted 
with an automatic centralising device with 
period 1,000 sec. to eliminate drift and 
ground tilt variations. 

THEORETICAL. By R. Stoneley.— The 
dispersion curves for Rayleigh waves ina 
double surface layer have been computed 
by the Mathematical Laboratory using the 
electronic calculator (EDSAC). The three 
cases T, = T,; T, =4$T,; T, have 
been worked out, where T, is the thickness 
of the granitic layer and T, is that of 
the intermediate layer. With Rohrbach’s 
data for Eurasia these three hypotheses 
yield respectively T, = T,=29 Km; 
T, =33 Km., T,= 16} Km.; and 
T, =36 Km. T,=12 Km. These 
agree roughly with an empirical formula 
2:5T, +T,=101 Km. There is, in 
each case, a minimum group-velocity, as 
theory demands. 


THE NATIONAL INSTITUTE OF 
OCEANOGRAPHY 


Director :—Dr. G. E. R. Deacon, C.B.E., 
FEARS. 
SEA WAVES AND MIcROSEIsMS. 

‘ Although the wave-interference theory 
of the generation of microseisms described 
in the Annual Report for 1949-50, and the 
analysis of seismograph records by methods 
developed for ocean wave analysis, allows 
useful information about the wave charac- 
teristics in distant storms to be obtained 
from records of ground oscillations at 
inland observations, attempts to estimate 
the bearing of the storm from the records 
have not been so successful. The first 
approach made in the United States was 
to assume that the microseismic waves 
were propagated as plane, regular waves 
so that the phase differences noted at 
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three instruments stationed at the corners 
of a triangle, of which the side was one- 
quarter to one-half a wavelength, could 
be used to calculate the direction of ap- 
proach. This method was found to give 
good results on a few occasions in the sea 
area east of the Gulf of Mexico and the 
Caribbean Sea, but has had to be aban- 
doned for general use in favour of a cruder 
method which bases its estimate on the 
relative amplitude of the ground dis- 
turbances at stations spaced hundreds of 
miles apart along the coast. For an im- 
mediate practical result this is clearly the 
best approach, but it involves a large 
organisation and from the practical point 
of view, as well as that of increasing our 
knowledge of the subject, more discrimina- 
ting studies should be made of the actual 
wave motion in the ground. 

Some progress has been made by Mr. 
Darbyshire on the basis of previous work 
which shows that the ground movement 
can be considered as the resultant of two 
kinds of motion—Rayleigh waves, in 
which the movement of the particles is 
in a plane formed by the direction of 
propagation and the vertical, and Love 
waves in which the movement is confined 
to the horizontal plane. If the contribu- 
tion due to Rayleigh waves can be separa- 
ted from that due to Love waves, the 
relative amplitudes of the Rayleigh waves 
in two horizontal directions at right angles 
can be used as an indication of the direc- 
tion of approach. Since the Love waves 
make no contribution to the vertical 
movement, this separation can in effect 
be achieved by measuring the maximum 
correlation that can be obtained between 
the horizontal and vertical movement as 
the phase of one oscillation is adjusted 
relative to the other. Although the com- 
ponent of movement at right angles to 
the direction of propagation will never 
give the zero correlation that might be 
expected if its movement is entirely at- 
tributable to Love waves while that of the 
vertical component contains only Rayleigh 
waves, the uncertainties due to fortuitous 
correlation, correlation due to identity of 
origin and similarity of frequency spectra, 
and differences of the lag or advance of the 
waves of different periods, appear not to 
prevent useful results. The ratio of the 
correlation coefficients at maximum corre- 
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lation gives the angle, and the phase 
difference at maximum correlation the 
quadrant of approach. A search was 
made through the meteorological charts 
for conditions in which there was only one 
storm that could be regarded as capable 
of producing the microseisms, and in 
which the storm followed a well-defined 
path across the eastern half of the North 
Atlantic Ocean passing through all bear- 
ings from S.W. to N. relative to the record- 
ing station. The horizontal and vertical 
components were correlated using the 
photo-electric correlation meter described 
in the Annual Report for 1950-51. The 
bearings of the microseism-generating area 
were deduced from the correlation coeffi- 
cients, and the calculated bearings agree 
reasonably well with those obtained from 
the meteorological charts, pointing rather 
behind the storm than at the storm centre, 
as would be expected from the wave- 
interference theory.’ (Extracted from the 
Annual Report of the National Oceanographic 
Council 1952-53. Cambridge University 
Press, 1954.) 

‘An investigation of the phase differ- 
ences between the three components, 
using Lee’s method, suggests that the 
microseisms consist of Rayleigh and Love 
waves in comparable proportions.’ (Struc- 
ture of microseismic waves: estimation 
of direction of approach by comparison 
of vertical and horizontal components. 
By J. Darbyshire, Proc. Roy. Soc. A, 
volume 223, pp. 96-111, 1954). 


BRITISH EARTH TREMORS 
By Ernest Tillotson 


Four earth tremors, which rattled doors 
and windows and cracked plaster in at 
least one ceiling, were experienced at 
Bridlington on March 11, 1954. The 
tremors were also felt at Flamborough 
Head and Spurn Point, and noises were 
heard between Withernsea and Bridling- 
ton. Mr. E. F. Baxter reports ‘some 
high frequency disturbance on the Dur- 
ham records at 11.37.59 and 11.38.38. 
. . . If this is a record from an effect in 
the Bridlington area I doubt if any other 
station would get anything as it would be 
more distant than this.” Major-General 
G. R. V. Panton reports possible earth 
tremors between Alton and Basingstoke, 
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Hampshire, shortly after 1 p.m. and again 
shortly after 3.30 p.m. on March 11, 1954. 

There is no known connection between 
the above occurrences, and it is not yet 
ascertained whether they were natural or 
artificial, The North Sea Earthquake of 
1931, June 7, occurred from an epicentre 
at latitude 53° 57’ N., longitude 1° 25’ E., 
which is S.W. of the Outer Silver Pit of 
the Dogger Bank. 


DEEP EARTHQUAKE IN EUROPE 
By Ernest Tillotson 


On March 29, 1954, an earthquake 
occurred in the Sierra Nevada in southern 
Spain, which caused minor property 
damage over a wide area. Its maximum 
felt intensity on the Modified Mercalli 
Scale was estimated at 4. iP waves from 
the shock were registered at Kew at 
06.20.11; P at Edinburgh was re- 
corded at 06.21.04, and more than 100 
seismological observatories sent readings 
of this earthquake to the International 
Bureau at Strasbourg. Here the readings 
were reduced and turned out to give 
provisionally :—initial time of shock 
06.17.09, epicentre latitude 37° N., longi- 
tude 33° W. Depth of focus 600-650 km. 
Instrumental (logarithmic) magnitude 
(Gutenberg-Richter scale) 74. 

The depth of focus is noteworthy. The 
normal depth of focus is about 13 km. 
Earthquakes in Southern Europe and in 
particular places elsewhere have been 
known to have intermediate depths of 
focus (150-300 km.). A few earthquakes 
with epicentres below or near the Pacific 
Ocean have been known to have foci to a 
maximum depth of 720 km., but none of 
these deep focus earthquakes have previ- 
ously been determined in Europe. 


EDINBURGH SEISMOGRAMS 


The Hon. Secretary has now read the 
Edinburgh seismograms for the period 


from August 1939 to December 31, 1946, 
and also all 1949 and 1950. These have 
been duplicated and distributed to ob- 
servatories and others interested. The 
work is continuing. 


SEISMOLOGICAL OBSERVATORY 


No further progress has been made 
towards the establishment of a first-class 
seismological observatory, which is badly 
needed, as far north as possible in the 
British Isles. 


PUBLICATION 


‘The constitution of the Earth to a 
depth of 750 km.’—Ernest Tillotson, 
Royal Astronomical Society, Occasional Notes, 
No. 15, Vol. 3. October 1953. 


PERSONAL NOTE BY THE 
CHAIRMAN 


By R. Stoneley 


In my absence from this country the 
work of compiling this report has devolved 
even more than usual on the Hon. Secre- 
tary. I would like to take this oppor- 
tunity of expressing the thanks of the 
committee to Mr. Tillotson for his great 
service to British seismology in under- 
taking the heavy task of reading the 
records of the Edinburgh seismograph. 

While in South Africa, I visited the 
Observatory at Hermanus by the courtesy 
of the Director, Mr. A. M. Van Wijk, and 
was much interested to see the two Milne- 
Shaw instruments installed there, the one 
belonging to the Cape Observatory and 
the other on loan from the British Associa- 
tion. Mr. Van Wijk is pleased with the 
general character of the records made there 
but has considerable trouble with the 
driving clock of the B.A. instrument, and 
it is probable that this clock will have to 
be replaced in the near future. 
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OXFORD MEETING 
SECTIONAL TRANSACTIONS 


Any references to publication supplied by authors will be found on pages 366-369. 


SECTION A 
MATHEMATICS AND Puysics 
September 2 
Recent developments in nuclear physics, Presidential 
Address by Sir John Cockcroft, K.C.B., 
F.R.S. 
Dr. R. A. Smith.—Semi-conductors, transistors and 
photo-cells. 
September 3 
Low temperature physics : 
Prof. Sir Francis E. Simon, F.R.S.—The 
significance of low temperature research. 
Dr. K. Mendelssohn, F.R.S.—Superfluidity. 
Dr. A. H. Cooke.—Magnetism at low tempera- 
tures. 
Dr. N. Kurti.—Low temperature aspects of 
nuclear orientation. 


September 6 
Weather forecasting : 

Dr. R. C. Sutcliffe. O.B.E.—Weather fore- 
casting as a problem in physics. 

Mr. V. R. Coles.—The problems of a practical 
Sorecaster. 

Dr. J. M. Stagg, C.B.—Medium and long range 
forecasting. 

Prof. C. G. Rossby.— The evolution of numerical 
forecasting methods and the use of high-speed 
electronic computers in forecasting. 


September 7 
Nuclear physics : 

Dr. B. Bleaney, F.R.S.—Determination of 
nuclear spins and moments. 

Dr. M. A. Grace.—Directional effects in radio- 
active decay. 

Mr. P. A. Egelstaff.—The nuclear physics of 
thermal reactors. 

Mr. E. R. Wiblin.—The mechanics of neutron 
Spectrometry. 

September 8 
The magnetism of rocks : 

Report of the Seismological Investigations Com- 
mittee. 

Prof. P. M. S. Blackett, F.R.S.—Rock mag- 
netism. 

Dr. K. M. Creer.—Rock magnetism and polar 
wandering. 

Dr. G. D. Nicholls.—Reverse permanent mag- 
netisation in rocks. 


SUB-SECTION A* 
MATHEMATICS 
September 3 
Statistics of parapsychology. See entry under 
Section J. 
September 7 
Modern theories of cosmology : 
Dr. H. Bondi.—Modern theories of cosmology. 
Dr. T. Gold.—Cosmology as a physical science. 
Dr. D. W. Sciama.—Evolutionary processes in 
cosmology. 


SECTION B 
CHEMISTRY 
September 2 
New ideas in chemistry, Presidential Address by 
Sir John Lennard-Jones, K.B.E., F.R.S. 
Prof. C. K. Ingold, F.R.S.— The changed outlook 
in organic chemistry. 
Prof. E. Bright Wilson, Jr.—Advances in molecular 
dynamics and molecular structure. 
Prof. E. G. Cox, F.R.S.—The changed outlook 
in inorganic stereochemistry. 


September 3 
Coal and Britain’s future : 

Prof. Sir Cyril Hinshelwood, F.R.S.—Chair- 
man’s introduction. 

Dr. W. Idris Jones.—Modern coal processing in 
relation to Britain’s coal problem. 

Dr. F. J. Dent.—The gasification of coal. 

Dr. R. Holroyd.—Coal as a source of chemical 
raw materials. 


September 6 
Session A 
Complex natural colouring matters : 


Chairman: Prof. Sir Robert Robinson, 
O.M., F.R.S. 

Prof. A. R. Todd, F.R.S.—The colouring 
matters of Aphids. 


Prof. R. P. Linstead, C.B.E., F.R.S.— 
Chlorophyll and related hydrides of macrocyclic 
pigments. 

Dr. A. Neuberger, F.R.S.—The biogenesis of 
porphyrins. 

Session B 

Metals and alloys : 

Dr. W. Hume-Rothery, F.R.S.—Metals and 
alloys, ideal and real. . 

Dr. J. W. Christian.—How metals transform. 
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Sectional Transactions 
Dr. H. M. Finniston.—Metallurgy and atomic 


energy. 
September 7 
Black diamonds: new by-products from coal and 

British minerals : 

Mr. A. R. Powell, F.R.S.—Exétraction of 
germanium and gallium. 

Mr. A. A. Smales.—Analytical problems. 

Dr. E. G. James.—sScientific and industrial 
applications and implications of germanium. 


SECTION C 
GEOLOGY 
September 2 

Mr. J. M. Edmonds.—The geology of the Oxford 
District. 

Mr. B. C. Worssam.—The stratigraphy and struc- 
ture of the Furassic rocks of an area between 
Sherborne, Glos., and Burford, Oxfordshire. 

Miss P. S. Walder and Dr. F. Hodson.—The 
gravels of the 150 ft. terrace in the Reading area. 


September 3 
Limestones : their deposition and formation : 

Dr. Vernon Wilson.—Lithological character- 
istics of the Durness Limestone. 

Mr. A. M. Honeyman.—The formation and 
regional developments of Carboniferous oolites in 
South Wales. 

Dr. J. F. Kirkaldy.—Lower Cretaceous non- 
marine limestones: sedimentary environment 
and modes of formation. 

Mr. C. Downie.—Limestone bands in the Kim- 
meridge Clay. 

Prof. T. Neville George.—Organic and inor- 
ganic fine grained limestones of the Avonian 
South Western Province. 


September 6 
The relationship of Palaeontology to Stratigraphy, 
Presidential Address by Dr. C. J. Stubblefield 
F.R.S. 
Lower Cretaceous Palaeogeography : 
Prof. P. Allen. 
Dr. F. W. Anderson. 
Dr. J. F. Kirkaldy. 
Mr. R. Casey. 


September 7 
Session A 
Minor element distribution in rocks : 
Dr. L. H. Ahrens.—Distribution and association 
of elements in rocks and meteorites. 
Dr. S. R. Nockolds.— Trace element distribution 
in rock series. 
Dr. J. R. Butler.— Trace elements in sedimentary 
rocks. 
Prof. J. F. Turner.—Minor elements and meta- 
morphic problems. 
Session B 
Vertebrate Palaeontology : 
Mrs. B. Hobson.—The microscopic structure of 
bone in some fossil reptiles. 


Mr. W. D. L. Ride.—The Australian fossil 
marsupials with particular reference to Bur- 
ramys Broom. 

Dr. T. Whitworth.— The East African Miocene 


Sauna. 
Dr. W. E. Swinton.—Megalosaurus, the Oxford 
Dinosaur. 


September 8 
Mr. D. V. Ager.—Faunal provinces in the British 
upper Domerian. 
Mr. F. A. Middlemiss.— The internal structures of 
some Lower Cretaceous terebratulid brachipods. 
Mr. T. B. H. Jenkins.—Correlation of the Pem- 
brokeshire Coal Measures. 

Dr. H. I. Drever.—The origin of picrite in minor 
intrusions. 

Mr. G. N. Rose.—Distribution of zircon in a com- 
posite sill. 

Sir Edward Bailey, F.R.S., and Prof. W. J. 
McCallien.—Some new ideas from Slieve Gullion. 


SECTION D 
ZOOLOGY 
September 2 
Archaeopteryx and evolution, Presidential Address 
by Sir Gavin R. de Beer, F.R.S. 
Mr. G. Underwood.—Evolutionary studies of 
reptilian visual cells. 
Prof. A. A. Boyden.—Asexual reproduction and 
primitive evolution. 
Whales and whaling : 
Mr. R. H. Clarke.—Whaling and the stock of 
whales. 
Mr. S. G. Brown.—Whale-marking and the 
movements of whales. 
Dr. F. C. Fraser.—Cetaceans as living animals. 
Zoological films on whales and whaling. 


September 3 

Animal populations and forestry. See entry under 
sub-Section K*. 

Mr. T. Gascoigne.—The biology of the Lima- 
pontiidae. 

Dr. Margaret M. Collis.—Some aspects of the 
ecology and feeding of Sabellaria. 

Dr. W. Holmes.—The atrial nervous system of 
Amphioxus. 

Dr. D. J. Crisp and Dr. A. J. Southward.— The 
distribution of some northern and southern elements 
of the British marine fauna. 

Cell morphology : 

Dr. J. R. G. Bradfield.—Recent electron micro- 
scope studies on the structure of protoplasm. 
Dr. J. R. Baker.— The Golgi controversy. 
Prof. M. M. Swann.—What makes a cell 
divide ? 
Mr. S. A. Shafiq.—Cytoplasmic inclusions in 
nerve cells. 
September 6 
Animal behaviour. See entry under Section J. 
Genetics and the advancement of science. Joint 
Session with Section K, Botany. 
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Prof. J. Heslop Harrison.—Genetics and 
taxonomy. 

Prof. K. Mather, F.R.S.—Genetics and biometry. 

Dr. E. B. Ford, F.R.S.—Genetics and natural 
selection. 

Dr. A. Robertson.—Genetics and animal breeding. 

Prof. S. C. Harland, F.R.S.—Genetics and 
plant breeding. 

Prof. L. R. Penrose, F.R.S.—Genetics and 
medicine. 

Dr. D. Lewis. —Genetics and physiology. 

Dr. G. Pontecorvo and Dr. J. A. Roper.— 
Genetics and microbiology. 

Prof. C. D. Darlington, F.R.S.—Genetics and 
the advancement of science. 

Dr. W. Lane-Petter.—Science, 
humanity. 

Prof. R. M. Gordon and Dr. W. E. Kershaw.— 
Some filarial infections occurring in the tropical 
rain forests of West Africa. 

Mr. P. F. Mattingly.—Species hybrids in mos- 
quitoes. 

Dr. S. A. Barnett and Miss Brenda M. Manly. 
—Breeding mice below zero. 

Mr. J. G. Gordon.—Some observations on appetite 
instinct. 

Zoological films. 


animals and 


September 7 
Chromosomes and gene structure. Joint Session 
with Section K, Botany. 
Dr. E. J. Ambrose.—The molecular structure 
of chromosomes. 
Dr. J. Chayen.—The evidence for the desoxyri- 
bose nucleic acid nature of the gene. 
Dr. J. M. Thoday.—Nucleic acid synthesis and 
chromosome reproduction. 
Prof. P. T. Thomas.—The centromere. 
Dr. B. M. Slizynski.—Mouse chromosomes. 
Dr. L. F. la Cour.—X-ray breakage studies in 
endosperm. 
Dr. J. McLeish.—The consequences of localised 
chromosome breakage. 
Mr. J. A. Pateman.—Induced mutations in 
Neurospora. 
Hormones and control of zoological function : 
Mr. D. B. Carlisle-—The normal control of 
moulting in crustacea. 
Mr. C. K. Goddard.—The physiological status 
of Elasmobranch endocrine organs. 
Mr. B. M. Hobson.—The effect of gonadotro- 
phins upon reproduction in the Anura. 
Dr. J. M. Dodd.—Recent work on amphibian 
metamorphosis. 
Prof. E. J. W. Barrington.—Thyroid and 
evolution. 
The zoology of sewers and sewage treatment : 
Prof. E. A. Spaul.—Biological problems of 
Sewage treatment. 
Mr. T. G. Tomlinson and Mr. H. A. Hawkes. 
Pring insect populations of percolating sewage 
ters. 


Sectional Transactions 


Mr. P. H. Silverman.—The survival of the egg 
of the beef tapeworm, Taenia saginata. 
Dr. E. W. Bentley.—Sewer rat populations and 
their control. 
Mr. W. B. Alexander.—Sewage farms and 
birds. 
Zoological films. 


September 8 
Mr. R. S. Glover.—Science and the herring fishery. 
Mr. B. B. Parrish.—Problems in estimating herring 
populations. 


SECTION E 
GEOGRAPHY 
September 2 

Prof. E. W. Gilbert.—The City of Oxford in its 
geographical setting. 

Dr. Audrey M. Lambert.—Oxfordshire about 
A.D. 1800 ; the countryside during the Industrial 
Revolution. 

Dr. R. P. Beckinsale-—The Oxfordshire textile 
industry. 

September 3 

Mr. R. E. H. Mellor.—The German refugee 
problem, 1945-53. 

Report from the Geographical Glossary Re- 
search Committee. 

The coast and the geographer, Presidential Address 
by Prof. J. A. Steers. 

Prof. A. A. Miller.— The mapping of strip lynchets. 

Mr. J. W. House.—Rates of change in the rural 
landscape. 

Mr. A. H. Shorter.—Early paper-mills in England. 


September 6 
Floods and coast erosion. Joint Session with 
Section G, Engineering. See entry under 
Section G. 
Mr. E. M. Rawstron.—The salient geographical 
features of electricity production in Great Britain. 
Mr. T. H. Elkins.—Some national differences in the 
evolution of the landscapes of coalfield industrial 
regions. 

Dr. M. J. Wise and Mr. D. J. Sinclair.—Regional 
variations in the age and sex structure of the popu- 
lation of England and Wales in 1931 and 1951. 


September 7 

Mr. H. P. White.—The internal exchange of staple 
foods in the Gold Coast. 

Report from the Tropical Africa Research Committee. 

Mr. R. W. Clayton.—Some processes in the 
development of Savannah landscapes. 

Dr. Monica M. Cole.—The Witwatersrand, the 
problems concerned with the growth and develop- 
ment of a watershed mining and industrial conurba- 
tion. 

Dr. Marjorie M. Sweeting and Miss G. E. 
Groom.—Preliminary observations on the physio- 
graphy of Biinsowland, Central Vestspitsbergen. 

Dr. G. H. Drury.—Some winding valleys north- 
west of Oxford. 
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Sectional Transactions 


September 8 

Mr. M. R. G. Conzen.—Studies in urban 
morphology. 

Mr. O. Hinchliffe.—An aspect of medical geo- 
graphy: the response of persons suffering from 
respiratory ailments to changing weather conditions. 

Mr. C. G. Smith.—Aridity and irrigation projects 
in the Levant. 


SECTION F 
Economics 
September 2 
Mr. H. F. Lydall.—Changes in the pattern of 
saving. 
Mr. R. F. Harrod.—Convertibility. 
September 3 
The changing structure of the British economy, 
Presidential Address by Prof. E. A. G. 
Robinson. 
September 6 
Mr. K. G. J. C. Knowles.— Wage differentials in 
theory and practice. 
Mr. A. H. Smith.— The town planning of Oxford. 
Mr. P. Wiles.—Growth versus choice. 


September 7 
Mr. J. H. Dunning.—The impact of North 
American enterprise on British industrial pro- 
ductivity. 
Prof. C. F. Carter.—A review of the work of the 
Science and Industry Committee. 
Prof. B. R. Williams.—Case studies in the applica- 
tion of science to industry. 
September 8 
Mr. G. R. Allen.—The economics of British 
agricultural policy. 


SECTION G 
ENGINEERING 
September 2 
Session A 
Mr. D. C. Gunn.—Effcient industrial steam 
generation. 
Dr. J. H. Jones and Mr. J. G. Bromilow.— The 
drainage and utilisation of firedamp from collieries. 


Session B 


Mr. G. Grime, O.B.E.—The relationship between 
vehicle characteristics and road accidents. 
Mr. D. Bastow.—Vehicle design for safety. 


September 3 
The effect of new materials on engineering progress, 
Presidential Address by Dr. Willis Jackson, 
F.R.S. 
Papers by young engineers : 
Mr. J. R. Simonson.—Some combustion prob- 
lems of the dual-fuel engine. 
Mr. G. King.— Transistors. 
Mr. D. W. Harvey.—Dynamic behaviour of the 
self-excited series transductor with direct current 
output. 


September 6 
Session A 
Floods and Coast Erosion. Joint Session with 
Section E. 


Mr. J. Duvivier.—The protection of coastal 
lands against flooding and erosion. 

Mr. W. Vaughan Lewis.—WNature’s method of 
coastal protection. 


Session B 

Prof. H. W. Swift.—The mechanism of a simple 
drawing operation. 

Mr. G. Murray.—The yield point in steel. 


September 7 

Recruitment to the engineering profession. Joint 
Session with Section L, Education. See 
entry under Section L. 
Session A 

Mr. Bosworth Monck.—The status of the engineer 
in management. 

Mr. F. J. Lane, C.B.E.— The cross-Channel power 
cable. 


Session B 

Mr. Charles Batey.— The printing and making of 
books. 

Mr. George Westover.—The photographic com- 
position of reading matter by machinery. 


SECTION H 
ANTHROPOLOGY AND ARCHAEOLOGY 
September 2 
Archaeology in the Oxford region : 
Mr. N. Thomas.—Beaker period sites at 
Dorchester-on- Thames. 
Mrs. E. M. Clifford.—Did Caratacus pause in 
Cotswold ? 
Miss J. R. Kirk.—Distribution of Anglo-Saxon 
cemeteries in the Thames valley. 
Dr. F. T. Wainwright.— The ninth- and tenth- 
century burhs of Mercia and Wessex. 
Mr. E. M. Jope.—Craftsmen, builders and 
architects and their work in Oxford. 


September 3 
Colonial archaeology, Presidential Address by Sir 
Mortimer Wheeler, C.I.E. 
Related papers : 
Rev. Gervase Mathew.—Fieldwork in Ethiopia 
and on the East African coast. 
Mr. G. W. B. Huntingford.—Archaeology in 
southern Ethiopia. 


September 6 
Egyptian, Aegean and European archaeology : 
Prof. W. B. Emery.—Excavations at North 
Sakkara in 1953-54. 
Rev. V. E. G. Kenna.—Minoan seals. 
Mr. J. S. P. Bradford.—Discoveries from the 
air in Mediterranean lands, 1953-54. 
Physical Anthropology : 
Dr. D. F. B. Roberts.—Climate and body shape. 
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Dr. J. S. Weiner.— The scope of physical anthro- 
pology, as illustrated by some recent develop- 
menis. 

September 7 
Archaeological techniques : 

= K. P. Oakley.—Analytical methods of dating 

ones. 

Dr. E. T. Hall.—sSpectroscopic methods of 
analysis for archaeology. 

Dr. G. W. Dimbleby.—The ecological study of 
buried soils. 

Folk culture and folklore : 

Mr. J. W. Y. Higgs.—The Reading University 
Museum of English Rural Life and other folk 
museums. 

Miss K. M. Briggs.—Sidelights on folklore from 
17th-century literature. 

Mr. Peter Opie.—The natural history of 
English oral lore. 


SECTION I 
PHYSIOLOGY 
September 2 
Physiological aspects of heating and ventilation : 
Chairman : Dr. T. Bedford.—ZJntroduction. 
Prof. G. P. Crowden.—Habitability of dwell- 
ings : heating and ventilation requirements. 
Dr. J. R. Brown.—Problems of working condi- 
tions in the home. 
Dr. A. Parker, C.B.E.—House heating and 
atmospheric pollution. 
Mr. J. B. Dick.—Factors of design and construc- 
tion affecting heating and ventilation in dwellings. 
Discussion opened by Dr. C. G. Douglas, 
C.M.G., F.R.S. 


September 3 
Obesity : 

Chairman : Dr. H. M. Sinclair.—Jntroduction. 

Dr. J. M. Tanner.—Classification and genesis 
of body form in man. 

Prof. Jean Mayer.—Regulation of food intake 
and obesity. 

Dr. A. P. Meiklejohn.—The assessment of 
obesity. 

Dr. G. C. Kennedy.—The central nervous 
control of food intake. 

Dr. J. Hammond, C.B.E., F.R.S.—Deposition 
of fat in farm animals. 

Discussion opened by Prof. R. C. Garry. 


September 6 
The relief of pain : 
The relief of pain, Presidential Address by 
Prof. A. D. Macdonald. 
Dr. P. O. Wolff.—Drug addiction. 
Mr. J. B. Pennybacker.—Contribution of 
surgery to the relief of pain. 


September 7 
Physiology of milk liberation. Joint Session with 
Section M, Agriculture. 


Sectional Transactions 


Dr. H. D. Kay, C.B.E., F.R.S.—ZJntroduction 
and general background. 

Mr. A. S. Foot.—Application of recent findings 
to the milking cow. 

Dr. B. A. Cross.—Physiological mechanisms in 
suckling and milking. 

Dr. Mavis Gunther.—Clinical aspects of milk 
propulsion. 


September 8 
Localisation in the cerebral cortex. Jointly with 
the Physiological Society. 

Dr. E. D. Adrian, O.M., P.R.S.—IJntroduction. 

Prof. E. G. T. Liddell, F.R.S.—Brain and 
muscle. 

Prof. O. L. Zangwill.—Speech and handedness. 

Dr. F. P. Glees and Mr. J. Cole.—Sensori- 
motor skill in monkeys (with film). 

Dr. J. A. V. Bates.—Can voluntary movement 
be localised in the cortex ? 

Dr. E. A. Carmichael, Dr. M. R. Dix and 
Mr. C. S. Hallpike.—Lesions of the cerebral 
hemispheres and their effects upon optokinetic 
and caloric nystagmus. 


SECTION J 
PsyCHOLOGY 
September 2 
Mr. P. Gorman.—Deaf people in a hearing society. 
Prof. J. Cohen.—Conjecture and risk. 
Prof. C. W. Valentine.—Psychology and the 
general public. 
Recent studies in the psychology of thinking, Presi- 
dential Address by Prof. L. S. Hearnshaw. 
Mr. A. Richardson.—British immigrants in 
Western Australia. 

Dr. G. Jahoda.—Attitudes to whites. 

Dr. Martha Vidor.—Psychological assessment of 
personality and culture pattern. 

Mr. J. P. Lees.—Family or sibship position : 
attitude : behaviour. 


September 3 
Statistics of parapsychology. Joint Session with 
Section A*, Mathematics. 
Mr. G. Spencer Brown.—The test of signifi- 
cance. 
Dr. R. H. Thouless.—Current statistical theory. 
Dr. G. D. Wassermann.—Statistical significance 
and parapsychology and related topics. 
Mr. G. R. Twiselton.—Psychological factors in 
child neglect. 
Mr. B. A. Johnson.—Formal and material 
aspects of behaviour syndromes. 
Mr. L. T. Wilkins.—Constructing criminological 
prediction tables. 


September 6 
Animal behaviour. Joint Session with Section D, 
Zoology. 
Dr. N. Tinbergen.—Animal behaviour ; some 
implications for the study of human behaviour. 
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Sectional Transactions 
Dr. R. A. Hinde.—The modi Viability of in- 


stinctive behaviour. 
Prof. A. Rex oe and human 
behaviour. 
Dr. G. A. V. Morgan.—The structure of verbal 
abilities. 
Mr. S. Laner.—Learning manipulative tasks from 
visual aids. 
Mr. D. E. Broadbent.—Conditioned responses and 
the radar set. 
Dr. C. M. Franks.—The conditioned reflex and its 
relationship to mental abnormality. 


September 7 
The distribution of personality traits in seven-year-old 
children : a combined psychological, psychiatric 
and somatotype study : 
Dr. R. W. Parnell.—Relation of traits to 
pshyique. 
Miss M. Davidson.—Psychologist’s findings. 
Dr. R. G. McInnes.—Psychiatric findings. 
Prof. F. V. Smith.—The association of psychology 
with other disciplines. 
Miss T. Veness.—Ambitiousness among school- 
leavers. 


Mr. J. C. Raven.—Morbid and healthy hallucina- . 


tions. 


SECTION K 
BoTANy 
September 2 
Growth and production, Presidential Address by 
Prof. W. H. Pearsall, F.R.S. 
Prof. G. E. Du Rietz.—Swedish mountain vegeta- 
tion. 
Dr. E. V. Watson.—Some aspects of the develop- 
ment of bryophyte communities. 


September 3 

Dr. W. O. James, F.R.S.—Terminal oxidases of 
cereal seedlings. 

Dr. D. C. Elliott.—The place of glycollic acid in 
barley metabolism. 

Dr. J. Barker, F.R.S., and Dr. L. W. Mapson.— 
The tricarboxylic acid cycle and respiration of 
plants. 

Miss A. F. Ritchie.—The anaerobic formation of 
alcohol in plants. 


Session A 
Mr. P. Bell.—Character correlation as a key to 
phylogeny. 
Mr. G. W. Lawson.—Seasonal variation of inter- 
tidal zonation of the Gold Coast in relation to tidal 
Sactors. 
Mr. D. C. Smith.—Sugar uptake by the lichen 
Peltigera polydactyla. 
Session B 
Mycorrhiza : 
Mr. J. K. Brierley.—Transport of phosphorus 
Srom the fungus to the host in excised mycorrhizal 
roots of the beech. 


Mr. J. S. Waide.—Some aspects of the study of 
the root surface fungi of the beech tree. 

Mr. J. M. Wilson.—Some factors affecting 
potassium uptake by the excised mycorrhiza of 
beech. 


September 6 
Genetics and the advancement of science. Joint 
Session with Section D, Zoology. See entry 
under Section D. 


September 7 
Chromosomes and gene structure. Joint Session 
with Section D, Zoology. See entry under 
Section D. 
The interactions between acid soils and forest trees. 
Joint Session with sub-Section K*, Forestry. 
Mr. M. V. Laurie, O.B.E.—Jntroduction : the 
Sorester’s viewpoint. 
Dr. G. W. Dimbleby.—Fundamental studies of 
problems associated with heathland afforestation. 
Prof. L. G. Romell.—The competitional factor 
in the formation of Mor. 
Dr. S. D. Garrett.—Some effects of soil acidity 
upon soil-borne diseases of forest trees. 
Dr. J. L. Harley.—Non-parasitic associations 
of roots and micro-organisms. 
Dr. L. Leyton.—The relationship between the 
mineral nutrition and the growth of forest trees. 


September 8 
Morphogenesis : 

Dr. F. A. L. Clowes.—Construction of root 
apices. 

Dr. F. H. Whitehead.—Relationships of en- 
vironment and growth form in Alpine com- 
munities. 

Prof. C. W. Wardlaw.—Experiments with leaf 
and bud primordia in ferns. 

Dr. Robin Snow and Dr. Mary Snow.—The 
influence of the apical growing point on leaf 
Sormation. 


SUB-SECTION K* 
FORESTRY 
September 2 
Presidential Address to Section K. 
The influence of forest economics on forest policy, 
Chairman’s Address by Mr. W. E. Hiley. 


September 3 

Animal populations and forestry. 
with Section D 

Mr. G. H. Thompson.—Introduction to the 


Joint Session 


Session. 

Mr. F. Courtier.—Studies of grey squirrel popu- 
lations. 

Mr. H. N. Southern.—Mice and vole popula- 
tions. 

Dr. Myles Crooke.—Bupalus piniarius L., 
the pine looper : a British forest insect problem. 


Prof. G. C. Varley.—Insect defoliators of oak. 
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September 6 
The management of beechwoods under the Chiltern 
Project : 

Mr. Owen J. Sangar.— The Chilterns Project. 

Mr. J. M. B. Brown.—The assessment of site 
potentiality. 

The Rt. Hon. The Earl of Buckinghamshire. 
—The viewpoint of the private owner in the 
Chilterns. 

The private estate sawmill : 

Capt. G. C. Wolryche-Whitmore.—Estate 
sawmills. 

Lt.-Col. A. V. Spencer.—The case against 
estate sawmills. 


September 7 
The interactions between acid soils and forest trees. 
Joint Session with Section K. See entry 
under Section K. 


September 8 

Dr. A. J. Rutter.—Methods of measuring growth 
in young conifers and their application in forest 
ecology. 

Mr. J. N. R. Jeffers.—Measurement of young 
conifers in nursery experiments. 

Mr. A. D. Miller.—Some silvicultural and economic 
aspects of the rehabilitation of broadleaved 
woodlands. 

Mr. R. F. Wood.—North-west American coastal 
Sorests. 


SECTION L 
EDUCATION 
September 2 
The adaptation of a university to the changing needs 
of the community : 
Mr. J. T. Christie.— The ancient university. 
Prof. W. A. C. Stewart.—The modern uni- 
versity (read by Prof. F. A. Vick). 


September 3 
The Teacher in the twentieth century, Presidential 
Address by Mr. Ronald Gould. 
Mrs. Mary Stocks.—Education of women in the 
last fifty years. 
Fifty years of external examinations : 
Mr. G. Bruce.— The historical development of the 
examination system. 
Mr. J. F. Wolfenden, C.B.E.—Changes in the 
examination system. 


September 6 
The response of the schools to the needs of a changing 
community : 
Mr. A. J. Lush.—Social changes in the grammar 
school during the last fifty years. 
Mr. N. G. Fisher.—Development of secondary 
education since 1945. 
Dr. W. F. Russell.—Knowledge is Power: or is 
it ? 
September 7 
Recruitment to the engineering profession. Joint 
Session with Section G, Engineering. 


Sectional Transactions 


Dr. Willis Jackson, F.R.S.—Jntroduction. 
Mr. D. D. Lindsay. 
Mr. H. A. Warren. 
September 8 
Dr. F. Sherwood Taylor.—Leonardo da Vinci. 


SECTION M 
AGRICULTURE 
September 2 
trol for increased crop production : 
Penman.—-Estimation of irrigation 


Water 


L. 
R. Hoare.—Irrigation techniques. 
R. Fell.—Grassland irrigation. 
H. H. Nicholson.— The prevention of water- 
logging in soil. 


September 3 
Agriculture, the industry and the science, Presi- 
dential Address by Dr. R. E. Slade. 
Dr. C. S. Orwin.—The efficiency of medieval 
agriculture. 
Mr. J. W. Y. Higgs.—The development of com- 
mercial farming. 
September 6 
Prof. G. E. Blackman.—The present position in 
the development of herbicides. 
Mr. G. R. Allen.—The political economy of 
marginal farms. 
September 7 
The physiology of milk liberation. Joint Session 
with Section I, Physiology. See entry under 
Section I. 


contr 
Dr. H. 
need. 
Mr. E. 
Mr. J. 
Mr. 


ASSEMBLY OF CORRESPONDING 
SOCIETIES 
September 2 
Phenology : the study of the seasons, Presidential 
Address by Dr. C. B. Williams, F.R.S. 
Dr. F. V. Cardon.—Opening up the new Frontiers. 
September 3 
Dr. Bruce Campbell.—Co-operative field work. 
Mr. Peter Opie.—Collecting folklore. 
September 6 
Dr. A. C. Crombie.—Oxford and the history of 
science. 
Mr. F. I. G. Rawlins.—Science in the care of 
museum objects. 
September 7 
Mr. Cyril Newberry.— The art of bird photography. 
Miss Thora James.—The cine-camera as a tool of 
Science. 


Mr. Peter Scott, C.B.E.—A population study of 
the Pink-Footed Goose. 
Dr. N. Tinbergen.—Animal language. 
September 8 
Mr. J. M. Edmonds.— John Phillips—Assistant 
Secretary, British Association, Professor of Geology, 
Ox,ord (1854-74). 
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REFERENCES TO PUBLICATION OF 
COMMUNICATIONS TO THE SECTIONS 
AND OTHER REFERENCES SUPPLIED BY AUTHORS 


The titles of discussions, or the names of readers of papers, as to which publication notes have 
been supplied, are given below in alphabetical order under each Section. 
References indicated by ‘ cf.’ are to appropriate works quoted by the authors of papers, not to 


the papers themselves. 


SEcTION A 


Blackett, Prof. P. M.S. Cf. Phil. Mag., Ser. 
7, 45, p. 583, June, 1954. 

Grace, Dr. M. A. Cf. ‘ Oriented nuclear 
systems.’ R. J. Blin-Stoyle, M. A. Grace and 
H. Halban, Progress in Nuclear Physics, Vol. 3, 
1953. Pergamon Press. ‘ Nuclear Orientation 
of Mn*4.? M. A. Grace, C. E. Johnson, N. 
Kurti, H. R. Lemmer and F. N. H. Robinson, 
Phil. Mag. (in press). ‘ Experiments on nuclear 
orientation at very low temperatures.’ B. 
Bleaney, J. M. Daniels, M. A. Grace, H. Hal- 
ban, N. Kurti, F. N. H. Robinson and F. E. 
Simon, Proc. Roy. Soc., A. 205. 

Kurti, Dr. N. Cf. ‘A determination of the 
Nuclear Magnetic Moment of CO®, using the 
method of Nuclear Alignment.’ Phys. Rev. 85, 
688, 1952 (with Bleaney, Daniels, Grace, Hal- 
ban and Robinson). ‘The Alignment of 
Cobalt 58.’ Phil. Mag., Ser. 7, 43, 1297, 1952 
(with Daniels, Grace, Halban and Robinson). 
‘Nuclear Polarisation of Cobalt 60.’ Phil. 
Mag., Ser. 7, 44, 216, 1953 (with Ambler, 
Grace, Halban, Durand, Johnson and Lem- 
mer). ‘ Polarised y-rays from Nuclei Aligned 
at Low Temperatures.’ Phys. Rev., 88, No. 6, 
1432, 1952 (with Bishop, Daniels, Goldschmidt, 
Halban and Robinson). ‘ Experiments on 
Nuclear Orientation at very low temperatures 
—I. Establishment of a method of nuclear 
alignment and its application to Cobalt 60.’ 
Proc. Roy. Soc., A. 221, 170, 1954 (with Bleaney, 
Daniels, Grace, Halban, Robinson and Simon). 

Runcorn, Dr. S. K. and Creer, K. M., see 
Nature, 173, 1114, 1954. 

Smith, Dr. R. A., will appear in Adv. of 
Science, 1955. 

Stagg, Dr. J. M. Nature, 174, No. 4432, p. 
673 ; Meteorological Mag., Dec. 1954; cf. 
Meteor. Mag., 82, No. 974, p. 225 (Aug., 1953). 

Sutcliffe, Dr. R. C., O.B.E. Cf. 1. Q. 7. 
Roy. Met. Soc. Reviews of Modern Meteorology 
No. 6—Principles of synoptic weather fore- 
casting. 1952, p. 291. 2. Arch. f. Met. Serie A. 
Band 7, 1954. Predictability in Meteorology. 

Weather forecasting, synopsis in Nature, 174, 
No. 4432, p. 673. 


SEcTIon B 


Coal and Britain’s future, will appear in 
Adv. of Science, 1955. 

Cox, Prof. E. G. Cf. Account of new work 
(with Dr. D. C. Corbridge) on tripyridyl com- 
plexes of bivalent metals is expected to appear 
in F. Chem. Soc. 

Germanium and gallium. Summary in 
Nature, 174, No. 4431, p. 627. 

Holroyd, Dr. R. Synopsis will appear in 
Nature ; cf. Coal Science Lecture, B.C.U.R.A. 
Qu. Gaz., No. 21 ; summary in Chemistry and 
Industry, Oct. 2, 1954. 

Powell, A. R. Summary in Nature, Oct. 2, 
1954 ; see also 7. Appl. Chem., Dec., 1951. 

Smales, A. A. Summary in Chemistry and 
Industry, Oct. 2, 1954; cf. Smales, A. A. 
Atomics, 1953, 4, No. 3, 55. Smales, A. A. 
and Pate, B. D. Anal. Chem., 1952. 24, 717. 


Section C 
Allen, Prof. P., Geological Mag., Dec., 1954. 


Section D 


Ambrose, Dr. E. J. Cf. ‘ Optical and 
Physico-Chemical Methods Applied to Living 
Cells.’ E. J. Ambrose and A. R. Gopal- 
Ayengar (1952), Nature, 169, 652; E. J. 
Ambrose and A. R. Gopal-Ayengar (1953), 
Heredity, Suppl. to Vol. 6. Symposium on 
Chromosome breakage, 277 ; ‘ Electron-micro- 
scopy of Chromosomes.’ E. J. Ambrose, F. W. 
Cuckow and A. R. Gopal-Ayengar (1954), 
Int. Union of Biol. Sciences, Leiden Sym- 
posium. Vol. on ‘ Fine Structure of Cells’ ; 
* Colloidal Structure of Nucleo-protein.’ E. J. 
Ambrose and J. A. V. Butler, Discussion of 
Faraday Society (1953), No. 13, 261, ‘Interference 
Microscopy of Nuclei of Living Cells.’ E. J. 
Ambrose. In course of publication. 

Baker, Dr. J. R. Cf. ‘ Studies near the limit 
of vision with the light microscope with special 
reference to the so-called Golgi bodies.’ Proc. 
Linn. Soc., 162, 67-72 (1950) ; ‘ Nouveau coup 
d’ceil sur la controverse du “‘ Golgi”’.’ Bull. 
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Micr. appl., 3, 1-8 and 96-101 (1953) ; ‘ The 
expressions “‘ Golgi apparatus ”’, “‘ Golgi body ”’ 
and ‘‘ Golgi substance.” ’ Nature, 172, 617- 
619 (1953); Contribution to the Royal 
Microscopical Society’s ‘Symposium on the 
Golgi apparatus.’ 7. Roy. Micr. Soc. (in the 
press, 1954). 

Barnett, Dr. S. A. and Manly, Miss B. M., 
Nature, 173, p. 355. 

Barrington, Prof. E. J. W. Nature, 174, No. 
4433, p. 720. 

Bradfield, Dr. J. R. G. Cf. ‘ New features 
of protoplasmic structure observed in recent 
electron microscope studies.’ Q. 7. Microscop. 
Sci., 94, p. 351 (1953). 

Brown, S. G. Cf. ‘ Dispersal in blue and fin 
whales.’ Discovery Reports, xxvi, p. 355, Jan., 
1954. 

Crisp, Dr. D. J. and Southward, Dr. A. J. 
Part publication in Proc. Roy. Irish Acad. (in 
press) ; cf. ‘ Isolation of intertidal animals by 
sea-barriers.’ Nature, Lond., 172, 208 ; 
‘Changes in the distribution of the intertidal 
barnacles Chthamalus stellatus Poli and Balanus 
balanoides L. in the British Isles.’ 7. Anim. Ecol., 
23, 163-177. 

Fraser, F. C. and Purves, P. E. 1954. 
‘ Hearing in Cetaceans.’ Bull. Brit. Mus. (Nat. 
Hist.), Zool. 2, No. 5, pp. 101-114. Pls. 4-5. 

Genetics and the advancement of science. 
Synopsis in Nature, 174, No. 4432, p. 672. 

Glover, R. S., will appear in Adv. of Science, 
1955. Cf. ‘The Hardy Plankton Indicator and 
Sampler : A Description of the Various Models 
in Use.’ Bull. Mar. Ecol., IV, No. 26. 

Holmes, Dr.W. Quart. 7. Micr. Sci., 94, 523. 

Hormones and the control of zoological 
function. Nature, 174, No. 4433, p. 720. 

Lane-Petter, Dr. W. Nature, 174, 532. Cf. 
Adv. of Science, X, No. 39, 267, and ‘ The 
supply of laboratory animals,’ 1953, L.A.B. 
Collected Papers, 1, 7. 

Shafiq, S. A. Cf. Quart. 7. Microscop. Sci., 
1953, 94, 319-328 ; and 1954, September issue. 

Swann, Prof. M. M. Summary in Times, 
Sept. 4, 1954; cf. ‘The mechanism of cell 
division. A study with carbon monoxide on 
the sea urchin egg.’ Quart. 7. Micr. Sci., 94 
(1953), 369-379 ; ‘The control of cell divi- 
sion’ in Recent developments in Cell Physio- 
logy, ed. J. A. Kitching. Butterworths (1954). 

Westover, G. Engineering, 178, No. 4628, 
p. 460; Printing World, 155, No. 13, p. 336, 
Sept. 4, 1954. 


SEcTION E 


Cole, M. M. Cf. ‘The Bedford View, 
Edenvale Area—a land utilisation survey.’ 
S. African F. of Sci., June, 1952. 

Dury, G. H. Cf. 1952: ‘ The alluvial fill 
of the valley of the Warwickshire Itchen.’ 


References to Publication 


Coventry Nat. Hist. Sci. Soc. Proc., 2,, pp. 180— 
185 ; 1953: ‘ The Shrinkage of the Warwickshire 
Itchen.’ Ibid., pp. 208-214 ; 1953: ‘A note of 
the Upper Cherwell,’ Northants. Nat. Hist. 
Soc. Fourn., 32, pp. 193-200; 1953: ‘An 
approach to palzometeorology.’ Nature, 172, 
p. 919; 1954: ‘Contribution to a general 
theory of meandering valleys.’ American Journ. 
Sci., 252, pp. 193-224. 

Hinchcliffe, O., to appear in Scot. Geogr. 
Mag., 1955. 

Hoare, E. R. Cf. ‘ The role of irrigation in 
the increasing of production.’ Rep. and Proc. 
of 8th Oxford Farming Conference. 

House, J. W., to appear in Trans. Inst. Brit. 
Geographers, 1954. 

Rawstron, E., will appear in Adv. of Science, 
1955. 

Sweeting, M. M., and Groom, G. E., con- 
tents to appear in part in 7. Brit. Glaciological 
Soc., in part in Geograph. Fnl. 


SEcTION G 


Duvivier, J. Engineering, 178, No. 4626, p. 
404, and No. 4627, p. 428. 

‘Floods and coast erosion.’ Engineering, 178, 
No. 4626, p. 404. 

Grime, G. Engineering, 178, No. 4624, p. 
339. 

Gunn, D. C. Engineering, 178, No. 4624, p. 
335. 

Harvey, D. W. Engineering, 178, No. 4626, 

399. 

‘ Jones, Dr. J. H. and Mr. J. G. Bromilow 
will appear in Engineering. Cf. Bromilow, J. G., 
‘ Firedamp Drainage in Gt. Britain.’ Trans. 
Instit. Min. Engrs., Vol. 111, p. 1012, Sept. 
1952 ; ‘ The Drainage of Firedamp from Coal 
Seams and the Adjacent Strata,’ Sheffield 
University Mining Magazine, 1952. 

Lane, F. J. Cf. D. P. Sayers, M. M. Laborde 
and F, J. Lane, Proc. Inst. El. Eng., Pt. 1, 101, 
No. 131, Sept., 1954. 

Lewis, W. Vaughan will appear in Engin- 
eering. 

Monck, Bosworth. Engineering, 178, No. 
4624, p. 329. 

Recruitment to the engineering profession. 
Summary in Nature, 174, No. 4431, p. 637. 

Swift, Prof. H. W. Engineering, 178, No. 
4627, p. 431 (abridged) ; Sheet Metal Industries, 
31, p. 817-828, Oct., 1954 (in full). 

Vehicle and road safety. Summary in Nature, 
174, No. 4431, p. 630. 


Section H 


Bradford, J. S. P. Summary will appear in 
Proc. 2nd Int. Classical Congress, Copenhagen, 
1953; cf. Antiquity, Dec. 1946, June, 1947, 
1949, 1950 ; Discovery, June, 1952. 
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References to Publication 


Opie, P. Cf. ‘ The Collection of Folk-Lore 
in England.’ 7. Roy. Soc. Arts, CI., p. 697, 
Aug. 21, 1953; ‘ England, the Great Un- 
discovered,’ to appear in Folk-Lore. 

Weiner, Dr. J. S. Synopsis expected to 
appear in Nature; cf. ‘A Hundred Years of 
Anthropology ’ by T. K. Penniman, 2nd Edn., 
1952, Duckworth. 


Section I 


Bedford, Dr. T., will appear in Adv. of Science, 
1955; cf. ‘Comfort in Relation to Warmth 
and Ventilation—the Results of Recent Studies,’ 
JF. Instn. Heat. and Vent. Engrs., London, 1954, 
June, 22, No. 226, pp. 85-104. 

Cross, Dr. B. A. Cf. (1) ‘ Suckling anti- 
diuresis in rabbits’ (1951), 7. Physiol., 114, 
447 ; (2) (with G. W. Harris) ‘ The role of the 
neurohypophysis in the milk-ejection reflex’ 
(1952), 7. Endocrin., 8, 148; (3) ‘ Sympa- 
thetico-adrenal inhibition of the neurohypo- 
physial milk-ejection mechanism’ (1953), 7. 
Endocrin., 9, 7; (4) (with H. B. van Dyke) 
‘ The effects of highly purified posterior pituit- 
ary principles on the lactating mammary 
gland of the rabbit ’ (1953), 7. Endocrin, 9, 232 ; 
(5) ‘ Milk ejection resulting from mechanical 
stimulation of mammary myoepithelium in the 
rabbit’ (1954), Nature, London, 173, 450; 
(6) ‘ The hypothalamus and the mechanism of 
sympathetico-adrenal inhibition of milk ejec- 
tion’ (1954), 7. Endocrin. (in press); (7) 
‘ Neurohormonal mechanisms in emotional in- 
hibition of milk ejection’ (1954), 7. Endocrin., 
(in press). 

Crowden, Prof. G. P. Cf. Crowden, G. P., 
and Angus, T. C. (1947) : ‘ Modern Views on 
Ventilation, Warming and Cooling.’ The 
Practitioner, 159, 210-217; Crowden, G. P. 
(1951) : ‘ The Height of Rooms in Dwellings 
in Relation to Health and Comfort.’ 7. Roy. 
Sanit. Inst., 72, No. 2 ; Crowden, G. P. (1952) : 
‘The Ideal Home ; Optimum Living Condi- 
tions in Temperate Climates.’ The Practitioner, 
168, 593-604. Symposium on Climate, 
Environment and Health ; Renbourn, E. T., 
Angus, T. C., McK. Ellison, J., Croton, L. M. 
and Jones, M. S. (1949) : ‘ The Measurement 
of Domestic Ventilation.’ 7. Hyg., 47, No. 1. 

Localisation in the Cerebral Cortex, Nature, 
174, No. 4433, p. 718. 

Obesity, will appear in Adv. of Science, 1955. 

Physiological aspects of heating and ventila- 
tion, to appear in Adv. of Science, 1955 ; report 
in Nature, 174, No. 4430, p. 577. 

Zangwill, Prof. O. L., report on discussion, 
Nature, 174, p. 718 ; cf. M. E. Humphrey and 
Zangwill : ‘ Dysphasia in Left-handed patients 
with Unilateral Brain Lesions.’ 7. Neurol. 
Neurosurg. and Psychiat., 15, 1952, p. 184. 


Section J 


Animal behaviour, to appear in Adv. of 
Science, 1955. 

Brown, G. Spencer, may appear in 7. Roy. 
Stat. Socy.; cf. ‘Statistical significance in 
psychical research.’ Nature, 172, 594 (1953) ; 
Revue Metapsychique, p. 87, May, 1954. 

Gorman, P. Cf. ‘Some _ unconsidered 
aspects in the education of the deaf child.’ 
Camb. Inst. Ed. Bull., No. 3, pp. 8-9, June, 1954. 

Hinde, Dr. R. A., will appear in Adv. of 
Science, March, 1955. 

Laner, S. Cf. ‘ The Impact of Visual Aid 
Displays showing a manipulative task.’ Qu. 7. 
of Ex. Psy., Vol. VI, August, 1954; ‘Some 
Factors Influencing the Effectiveness of an In- 
structional Film’ is expected to be published 
in the Br. 7. of Psychology, General Section, in 
Spring, 1955. 

Lees, J. P. Summary in Nottingham E. Post, 
Sept. 3, 1954; cf. (i) ‘ The Social Mobility of 
a Group of Eldest-born and Intermediate 
Adult Males’ by J. P. Lees, Brit. 7. of Psych- 
ology (General Section), Vol. XLIII, Part 3, 
July, 1952, and (ii) ‘ Family or Sibship Position 
and Some Aspects of Juvenile Delinquency ’ 
by J. P. Lees and L. J. Newson, Brit. 7. of 
Delinquency, Vol. V, No. 1, July, 1954. 


SECTION K 


Clowes, Dr. F. A. L. Cf. ‘ Root apical 
meristems of Fagus sylvatica.’ New Phytol., 49, 
248, 1940; ‘The cytogenerative centre in 
roots with broad columellas.’ New Phytol., 52, 
48, 1953 ; ‘ The promeristem and the minimal 
constructional centre in grass root apices.’ 
New Phytol., 53, 110, 1954. 

Darlington, Prof.C.D. Abstract in Discovery, 
Oct. 1954. 

Fisher, N. G. Summary in Man. Guardian, 
Sept. 7, 1954. 

Genetics and the Advancement of Science, 
account to appear in Nature. 

Harrison, Prof. J. Heslop. Cf. ‘ New con- 
cepts in flowering plant taxonomy’ (Heine- 
mann) ; with J. S. L. Gilmour, ‘ The Deone 
terminology and the units of micro-evolutionary 
change,’ Genetica, 27, 1954, pp. 147-161. 

Jeffers, J. N. R. Cf. ‘ The use of statistical 
methods of forest research,’ 6th Brit. Common- 
wealth For. Conf., Canada, 1952; ‘ Statistical 
methods in forest research,’ Int. Union of For. 
Res. Org., Rome Congress, 1953. 

La Cour, Dr. L. F. Cf. preliminary account 
in Nature, 172, 501, 1953; Chromosoma, in 
press, 1954. 

Mycorrhiza, 
4432, p. 684. 

Spencer, Lt.-Col. A. V. Report in Timber 
Trades Fnl., Sept., 1954. 


Synopsis in Nature, 174, No. 
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Thoday, Dr. J. M. Cf. ‘ Radiation-induced 
chromosome breakage, D.N.A. synthesis and 
the Mifotic cycle in root-meristem cells of 
vicia fata,’ to appear in New Phytologist. 

Thompson, G. H. Synopsis to appear in 
Nature. 


Section L 


Bruce, G., Schoolmaster, Sept. 10, 1954. 

Taylor, Dr. Sherwood, Leonardo da Vinci, 
will appear in Adv. of Science ; cf. Léonard de 
Vinci et la chimie de son temps, Colloque 
Internationale of the Centre National de la 
Recherche Scientifique, Paris, 1952. 


References to Publication 


Warren, H. A., Report in Schoolmaster, p. 335, 
Sept. 10, 1954. 


SecTIoN M 


Orwin, Dr. C. S. Cf. ‘ The Open Fields,’ 
2nd edn., Clarendon Press, Oxf., Sept., 1954. 


SEcTION X 


Campbell, B. Cf. ‘ Co-operation in zoo- 
logical field studies.’ Discovery, Oct., 1950, pp. 
328-30 ; ‘ The work of the British Trust for 
Ornithology.’ Canadian Field Naturalist, 65, 
1951, pp. 159-162. 
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RESEARCH COMMITTEES, 1954-55 


Grants of money, if any, from the Association for expenses connected with researches are indicated in 


heavy type. 


SECTION A.—MATHEMATICS AND 
PHYSICS. 


Seismological investigations—Dr. R. Stoneley, 
F.R.S. (Chairman), Mr. E. Tillotson (Secretary), 
Mr. E. F. Baxter, Miss E. F. Bellamy, Prof. 
P. G. H. Boswell, O.B.E., F.R.S., Mr. B. C. 
Browne, Sir Edward Bullard, F.R.S., Dr. K. F. 
Chackett, Dr. G. E. R. Deacon, F.R.S., Dr. 
A. T. J. Dollar, Dr. A. E. M. Geddes, O.B.E., 
Prof. G. R. Goldsbrough, C.B.E., F.R.S., Dr. 
M.N. Hill, Mr. J. S. Hughes, Sir Harold Jeffreys, 
F.R.S., Mr. E. N. Lawrence, Dr. A. W. Lee, 
. Dr. A. O. Rankine, O.B.E., F.R.S., Rev. C. 
Rey, S. J., Dr. G. D. Robinson, Mr. H. V. Shaw, 
Sir Frank Smith, G.C.B., G.B.E., F.R.S. 


SECTION C.—GEOLOGY. 


To excavate critical geological sections in Great 
Britain—Mr. W. H. Wilcockson (Chairman), 
Mr. J. M. Edmonds (Secretary) , Sir Edward Bailey, 
M.C., F.R.S., Mr. J. L. Begg, Mr. W. S. Bisat, 
F.R.S., Prof. P. H. G. Boswell, O.B.E., F.R.S., 
Prof. A. H. Cox, Dr. E. E. L. Dixon, Prof. W. G. 
Fearnsides, F.R.S., Prof. T. N. George, Prof. H. L. 
Hawkins, F.R.S., Dr. R. G. S. Hudson, Prof. 
V. C. Illing, F.R.S., Prof. O. T. Jones, F.R.S. 
Dr. Murray Macgregor, Mr. T. G. Miller, 
Prof. L. R. Moore, Dr. F. J. North, Prof. F. W. 
Shotton, M.B.E., Dr. W. E. Swinton, Dr. F. S. 
Wallis, Prof. D. M. S. Watson, F.R.S., Prof. T. S. 
Westoll, Prof. W. F. Whittard, Prof. S. W. 
Wooldridge. £30. 

The collection, preservation, and systematic regis- 
tration of photographs of geological interest.— 
Prof. H. L. Hawkins, F.R.S. (Chairman), Dr. W. S. 
Pitcher (Secretary), Mr. H. Ashley, Mr. G. M. 
Davies, Dr. N. Holgate, Mr. G. S. Johnstone, 
Dr. A. G. MacGregor, Dr. F. J. North, Mr. J. 
Ranson, Mr. G. S. Sweeting, Prof. W. F. Whit- 
tard, Dr. Vernon Wilson. 

To consider and report on questions affecting the 
teaching of geology in schools.—Prof. T. N. 
George (Chairman), Dr. Mabel E. Tomlinson 
(Secretary), Prof. J. G. C. Anderson, Miss M. A. 
Arber, Mr. A. Bray, Miss Gaynor Evans, Prof. 


W. G. Fearnsides, F.R.S., Dr. J. F. Kirkaldy, 
Prof. D. Leitch, Prof. L. R. Moore, Mr. J. 
Myers, Prof. W. J. Pugh, O.B.E., F.R.S., Dr. 
K. S. Sandford, Dr. S. H. Straw, Dr. Dighton 
Thomas, Dr. A. K. Wells, Prof. A. Wood. 


SECTIONS D, K.—ZOOLOGY, BOTANY. 


Co-ordinating committee for Cytology and Gene- 


tics.—Prof. Sir Ronald Fisher, F.R.S. (Chairman), 
Mr. Watkin Williams (Secretary), Dr. J. L. 
Crosby, Prof. C. D. Darlington, F.R.S., Dr. E. B. 
Ford, F.R.S., Dr. J. Hammond, C.B.E., F.R.S., 
Prof. S. C. Harland, F.R.S., Dr. J. S. Huxley, 
F.R.S., Prof. T. J. Jenkin, C.B.E., Prof. K. 
Mather, F.R.S., Prof. L. S. Penrose, F.R.S., 
Dr. G. Pontecorvo, Dr. R. R. Race, F.R.S., 
Prof. P. T. Thomas, Dr. W. B. Turrill, Prof. C. H. 
Waddington, F.R.S. 


SECTION E.—GEOGRAPHY. 


To prepare a glossary of geographical terms with 


agreed definitions in English, including reference 
to origin and to current use and misuse.—Prof. 
L. Dudley Stamp, C.B.E. (Chairman), Mr. G. R. 
Crone (Secretary), Prof. H. C. Darby, Prof. E. G. 
East, Mr. E. O. Giffard, M.B.E., Mr. A. F. 
Martin, Prof. A. A. Miller, Dr. C. J. Robertson, 
Mr. C. T. Smith, Dr. G. T. Warwick, Prof. S. W. 
Wooldridge, Mr. R. A. Skelton. £5. 


SECTION H.—ANTHROPOLOGY. 


To co-operate with a committee of the Royal 


Anthropological Institute—in the exploration of 
caves in the Derbyshire district—Mr. M. C. 
Burkitt (Chairman), Mr. A. Leslie Armstrong 
(Secretary), Dr. Arthur Court, Prof. H. J. Fleure, 
F.R.S., Mr. W. H. Hanbury, Dr. J. Wilfred 
Jackson, Mr. R. U. Sayce. 


To assist in the work of compiling an Inventoria 


Archaeologica as part of an international enter- 
prise sponsored by the International Congress 
of Prehistoric Sciences.—Prof. E. O. James, 
(Chairman), Dr. D. B. Harden (Secretary), Prof. 
C. F. C. Hawkes. £15. 
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OFFICERS FOR THE OXFORD MEETING 
September 1-8, 1954 
LOCAL OFFICERS 


JOINT CHAIRMEN OF 
LOCAL EXECUTIVE COMMITTEE 


Tue WoRsHIPFUL THE MAYorR OF OxFORD. 
Tue VicE-CHANCELLOR OF THE UNIVERSITY. 


VICE-CHAIRMAN 
Dr. D. B. Harpen. 


LOCAL HON. SECRETARIES 


Harry C.B.E., Town Clerk. 
Sir Douctas VEALE, C.B.E., Registrar, Oxford 
University. 


LOCAL HON. TREASURER 
F. M. Waker, City Treasurer. 


CHAIRMEN OF SUB-COMMITTEES 


Finance.—Alderman Lady TownsEnp. 
Membership.—Councillor N. WHATLEY. 
Publications—Dr. D. B. HARDEN. 
Hospitality —Dr. JANET VAUGHAN, O.B.E. 
Excursions—Mr. F. T. Hotprow. 
Meeting Rooms.—Mr. J. N. L. BAKER. 


JOINT ASSISTANT HON. SECRETARIES 


R. Anson-OweEn. 
A. E. Rooke. 


SECTIONAL OFFICERS 


A.—MATHEMATICS AND PHYSICS 


Joun Cockcrort, K.C.B., C.B.E., 

Vice-Presidents.—Prof, C. A. Coutson, F.R.S., Prof. 
Sir H. Jerrreys, F.R.S., Prof. N. F. Mort, 
F.R.S., Prof. Sir F. E. Suwon, C.B.E., F.R.S. 

Recorder.—B. J. Mason. 

Secretaries—Miss M. V. GruirrirH, Prof. A. G. 
WALKER (Maths. A*). 

Local Secretary —Dr. F. V. Price. 


B.—CHEMISTRY 


President.—Sir JoHN LENNARD-JoneEs, K.B.E., F.R.S. 

Vice-Presidents.—Prof. G. R. Ciemo, F.R.S., Prof. 
Sir Cyrm HinsHEetwoop, F.R.S., Prof. Sir R. A. 
F.R.S., Prof. Sir Rosert Rosinson, O.M. 

Recorder.—Prof. L. HunrTER. 

Secretaries —Dr. J. Dewar, Dr. D. C. MarTIN. 

Local Secretary—Dr. F. M. BREWER. 


C.—GEOLOGY 


President.—Dr. C. J. SrusBLEFIELD, F.R.S. 

Vice-Presidents.—Prof. P. ALLEN, Prof. J. A. Douc- 
Las, F. H. Epmunps, Prof. T. N. Georce, Prof. 
Hawkins, F.R.S., Prof. L. R. WAGER, 

Recorder.—Prof. L. R. Moore. 

Secretaries—R. K. BLUNDELL, Prof. D. Lzrrcn. 

Local Secretary.—J. M. Epmonps. 


D.—ZOOLOGY 


President.—Sir Gavin R. ve F.R.S. 
Vice-Presidents.—Prof. A. GRAHAM, Rev. Prof. L. 


Grenstep, Prof. A. C. Harpy, F.R.S., Prof. 
C. H. O’Donocuuz, Prof. J. E. Smrru, Prof. G. C. 


VARLEY. 


Recorder.—Dr. H. O. Butt. 
Secretary.—Dr. J. P. HARDING. 
Local Secretary.—Dr. P. C. J. BRUNET. 


E.—GEOGRAPHY 


President.—Prof. J. A. STEERS. 

Vice-Presidents—J. N. L. Baker, Prof. E. W. Giu- 
BERT, Prof. R. H. Kinvic, Prof. A. A. Miugr, 
Sir JoHn O.B.E., F.R.S. 

Recorder.—Dr. A. E. Moov. 

Secretaries.—A. A. L. Carsar, F. J. MONKHOUSE. 

Local Secretary.—A. F. Martin. 


F.—ECONOMICS 


President.—Prof. E. A. G. Rosinson. 

Vice-Presidents—Lord BEvERIDGE, Prof. P. SARGANT 
FLorence, Roy Harrop, Prof. J. R. Hicks, A. 
Lovepay. 

Recorder.—J. K. EasTHAM. 

Secretary—R. A. D. EGERTON. 

Local Secretary —G. R. ALLEN. 


G.—ENGINEERING 


President —Dr. JAckson, F.R.S. 

Vice-Presidents.—Brigadier G. Bomrorp, O.B.E., 
Lord DupiEy Gorpon, J. C. Rmpe.t, Prof. A. 
H. Tonoue, C.B.E. 

Recorder.—Prof. W. F. Cassie. 

Secretary.—R. D. M. Tomes. 

Local Secretary.—Dr. J. D. CAMPBELL. 


H.—ANTHROPOLOGY AND 
ARCHAEOLOGY 


President —Sir MORTIMER WHEELER, C.I.E, 

Vice-Presidents—Prof. W. E. Le Gros 
F.R.S., Prof. M. Forres, Prof. C. F. C. HAwKgs, 
T. K. Pennm™an. 
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Local and Sectional Officers for the Oxford Meeting 


Recorder.—L. V. GRINSELL. 
Secretaries.—A. Dicsy, J. G. Hurst. 
Local Secretary —W. C. Brice. 


I.—PHYSIOLOGY 


President—Prof. A. D. MACDONALD. 

Vice-Presidents.—Prof. J. H. Burn, F.R.S., Dr. D. P. 
CuTHBERTSON, Prof. E. G. T. Lippe, F.R.S., 
Dr. H. M. Sincrarr, Prof. L. J. Wirts. 

Recorder.—Prof. W. Burns. 

Secretary —Dr. Dorotuy H. STRANGEWAYS. 

Local Secretary—Dr. B. B. Luoyp. 


J.—PSYCHOLOGY 


President.—Prof. L. S. HEARNSHAW. 

Vice-Presidents—Dr. R. S. Creep, Miss M. A. 
Davinson, Prof. D. W. Harpine, Prof. G. Hum- 
PHREY, Prof. G. P. Merepiru, Prof. R. C. 
O.pFIELD, Dr. G. WEDDELL. 

Recorder.—Dr. H. G. MAvuLe. 

Secretary —D. McManon. 

Local Secretary —Dr. H. Kay. 


K.—BOTANY 


President.—Prof. W. H. PEarsALL, F.R.S. 

Vice-Presidents.—Prof. H. G. Campion, C.I.E., 
Prof. C. D. Darutncton, F.R.S., W. E. Hitey 
(Chairman, K*, Forestry), Dr. W. O. James, Prof. 
J. WALTON. 

Recorder.—Prof. T. M. Harris, F.R.S. 


Secretaries —Prof. C. G. C. CuxesTers, WATKIN 
Wiuiams, M. V. Epwarps (K*, Forestry). 

Local Secretaries —Dr. F. H. Dr. G. W, 
Dms esy (K*, Forestry). 


L.—EDUCATION 


President—RONALD GOULD. 

Vice-Presidents—Sir Maurice Bowra, Mrs. L, 
Hitrcuens, C.B.E., M. L. Jacks, Sir RicHarp 
LivincstonE, N. WHATLEY. 

Recorder.—GILBERT SMITH. 

Secretaries.—D. J. CROWTHER, P. F. SAWBRIDGE. 

Local Secretary—M. M. SPENCER. 


M.—AGRICULTURE 


President.—Dr. R. E. 

Vice-Presidents.—Prof. G. E. BLACKMAN, A. BripcEs, 
Dr. J. Hammonp, C.B.E., F.R.S., R. Hosss, 
Sir Joun Russet, O.B.E., F.R.S., J. F. WOLFEn- 
DEN, C.B.E. 

Recorder.—Prof. H. G. SANDERs. 

Secretary.—Prof. W. ELuison. 

Local Secretary.—M. R. H. Soper. 


X.—ASSEMBLY OF 
CORRESPONDING SOCIETIES 


President.—Dr. C. B. WiutaMs, F.R.S. 

Vice-Presidents.—Dr. S. G. P. Puant, Dr. W. A. 
SMALLCOMBE, Dr. W. E. Swinton, President of 
the Reading Ornithological Club (J. L. Fox). 

Recorder.—F RANK EDWARDS. 

Local Secretary.—G. TuRNER. 
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